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(57) Abstract 



Compounds of formula (I) and the pharmaceutically acceptable acid addition salts thereof, wherein R| and Ri are 
alkyl not containing an asymmetric carbon atom, cycloalkyl, adamantyl-l or possibly substituted phenyl, R3 is hydrogen, 
alkyl not containing an asymmetric carbon atom, cycloalkyl, adamantyl-1, styryl or possibly substituted phenyl, X is - 
(CH2)in-. -CH - CH-, -CH«CH-CH2- or -CH2-CH«CH-, wherein m is 0, 1. 2, or 3, and Z is formula (II) or formula (III) 
or with Ra is hydrogen and Rb is hydroxy, or CRaRb is formula (IV) or formula (V) wherein each Rj^ is primary or secon- 
dary alkyl not containing an asymmetric carbon atom, the two Ris's being the same, or the two Ris's taken together are - 
(CH2)q-, wherein q is 2 or 3, R|3 is hydrogen or alkyl, and R14 is hydrogen, a physiologically acceptable ester group, or a 
pharmaceutically acceptable cation, with certain provisos and the use thereof for inhibiting cholesterol biosynthesis and 
lowering the blood cholesterol level and, therefore, in the treatment of hyperlipoproteinemia and atherosclerosis, pharma- 
ceutical compositions comprising such compounds and processes for and intermediates in the synthesis of such com- 
pounds. 
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IMIDAZOLE ANALOGS OF MEVALONOLACTONE AND DERIVATIVES THEREOF 



This invention relates to compounds of the formula 




and the pharmaceutically acceptable acid addition salts 
thereof, 

wherein Ri is Ci-sc^^^Y^ not containing an asymmetric carbon 

atom, C3-7cycloalkyl, adamantyl-1 or 
R 



R2 




wherein R4 , R5 and R5 are as defined below, 

is Ci-6 alkyl not containing an asymmetric carbon 

atom, C3-7cycloalkyl , adaraantyl-1 or 
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wherein R7, R3 and R9 are as de£ined below, 
R3 is hydrogen, Ci-ealkyl not containing an 
asymmetric carbon atom, C3.7Cycloaikyl, 
adaraantyl-1 , styryl or 



12 

wherein RiO' ^11 ^12 are as. defined below, 

is -(CH2)Tn-r -CH=CH-, -CH«CH-CH2- or -CH2-CHaCH-, 
wherein m is 0, 1, 2 or 3, and 



Rl3 

Z is -CH-CH2-C-CH2-COOR14 



(a). 



OH 



OH 




(b) 



or 



Rl3 



4 3 



-Q-CH2-C-CH2-COOR1 4 



OH 



wherein Q is -C- 



or -Q- 



(cb). 



R15 R15 
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wherein each is primary or secondary 

Ci^galkyl not containing 
an asymmetric carbon atom, 
the two R^s's being the 
same, or 
the two Ris's taken together 
are -{CH2)q-, 
wherein q is 2 or 3 , 
Rl3 is hydrogen or Ci^3alkyl, and 
Rl4 is hydrogen, R^g or M, 

wherein Rig is a physiologically 

acceptable ester 
group> and 

M is a pharmaceutically 
acceptable cation, 
with the proviso that z may be a group of formula 
c only when (i) X is -CH-CH- or -CH2-CH«CH- , (ii) 
Rl3 is C|^3alkyl or (iii) both (i) and (ii), 
wherein each of R4, Rj and r^q is independently hydrogen, 

Cl-.3alkyl, n-butyl, i-butyl, t-butyl, Ci-jalkoxy, 
n-butoxy, i-butoxy, trif luoromethyl, fluoro, 
chloro, bromo, phenyl, phenoxy or benzyloxy, 
each of R5, Rq and R,i is independently hydrogen, 

Ci,3alkyl, Ci^jalkoxy, trif luoromethyl, fluoro, 
ch lor o, bromo, -COOR17, -NtRigjj, phenoxy or 
benzyloxy, 

wherein R^y is hydrogen, R^s or M, 

wherein R^g is C^^salkyl, n-butyl, 

i-butyl, t-butyl or 
benzyl, and 
M is as defined above, and 
each Rt9 is independently C^^galkyl not 

containing an asymmetric carbon atom, 
and 

of R6r R9 ^12 is independently hydrogen, ' 
Ci-2alkyl, Ci.2al3«oxy, fluoro or chloro, 
with the provisos that not more than one substi- 
tuent on each of Rings A, B and c independently is 



each 



- 3 - 
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trifluoromethyl, not more than one substituent on 
each of Rings A, B and c independently is phenoxy, 
and not more than one substituent on each o£ Rings 
h, B and C independently is benzyloxy, 
with the provisos that (1) when Z is a group of Formula c 
wherein Q is a group of Formula cb, the compound is in free 
base form and either (i) R,4 is R^g and each R17 is^ 
• independently r^q or (ii) R,4 is M and each R^y is 
independently R,8 or M and (2) when (i) R,4 or at least "one 
Rl7 is M or (ii) R14 and at least one R^j are M, the compound 
is in free base form, 

> 

processes for and intermediates in the synthesis thereof, 
pharmaceutical compositions comprising a compound of Formula I 
and the use of the compounds of Formula I for inhibiting 
cholesterol biosynthesis and lowering the blood cholesterol 
level and, therefore, in the treatment of hyperlipoproteinemia 
and atherosclerosis. 

By the term "physiologically acceptable ester group" 
is meant a group which, together with the -COO- radical to 
which it is attached, forms an ester group which is 
physiologically acceptable. The preferred such groups are the 
physiologically acceptable and hydrolyzable ester groups. By 
the term "physiologically acceptable and hydrolyzable ester 
group" is meant a group which, together with the -COO- radical 
to which it is attached, forms an ester group which is 
physiologically acceptable and hydrolyzable under 
physiological conditions to yield a compound of Formula I 
wherein R,4 is hydrogen and an alcohol which itself is 
physiologically acceptable, i.e. . non-toxic, at the desired 
dosage level, and which, preferably, is free of centers of 
asymmetry. Examples of such groups are Ci^aalkyl, ji-butyl, 
i-butyl, t-butyl and benzyl, collectively referred to as R^g. 

The compounds of Formula I except those wherein ^14 
and/or one or more R^'s are M may be converted into pharma- ' 
ceutically acceptable acid addition salt form. By the terra 
"pharmaceutically acceptable acid addition salts" is meant 
those acid addition salts that are physiologically acceptable, 
i^e^, that do not significantly increase the toxicity of the 



4 



wo 86/07054 



PCT/EP86/00297 



basic compound or otherwise adversely affect its pharmaco- 
logical activity. Such pharmaceutically acceptable acid 
addition salts are included within the scope of this: inven- 
tion. Included are salts with strong organic acids ^ e.g. ^ the 
methanesulfonate, ethanesulfonate, benzenesulfonate and 
£-toluenesulfonate salts, and salts with strong inorganic 
acids, e.g. ^ the hydrochloride, hydrobromide and sulfate; 

* I * 

. salts. The preferred strong acids are those haying a pK (the 
pK of at least the initial dissociation step if the acid has 
more than one) in water at 25*C. below about 3, more prefer- 
ably below about 2 and. most preferably below about 1 . 

For the avoidance of doubt, throughout this applica- . 
tion it is the right-hand side of the X radical that is 
attached to the Z group. 

As is self-evident to those in the art, each compound 
of Formula I wherein Z is a group of Formula a or b (and every 
subscope and species thereof) has two centers of asymmetry 
(the two carbon atoms bearing the hydroxy groups in the group 
of Formula a and the carbon atom bearing the hydroxy group and 
the carbon atom having the free valence in the group of 
Formula b) and, therefore, there are four stereoisomeric forms 
( enantiomers) of each compound (two racemates or pairs of 
diastereoisomers) , provided that Ri4 does not contain any 
center of asymmetry. The four stereoisomers may be designated 
as the R,R, R,S, S,R and S,S enantiomers, all four 
stereoisomers being within the scope of the invention, when 
Rl4 contains one or more centers of asymmetry, there are eight 
or more stereoisomers. On the other hand, each compound of 
Formula I wherein Z is a group of Formula c (and every 
subscope and species thereof) has a single center of asymmetry 
(the carbon atom bearing the hydroxy group in the group of 
Formula c) and, therefore, there are two enantiomers of each 
compound, provided that Ri4 does not contain any center of 
asymmetry. The two stereoisomers may be designated as the 3H 
and 3S enantiomers, both being within the scope of this 
invention. Since it is preferred that R14 not contain a 
center of asymmetry and for reasons of simplicity, in both 
cases any additional stereoisomers resulting from the presence 
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of one or more centers o£ asymmetry in R^4 will usually be 
ignored, it being assumed that R^4 is free o£ centers of; 
asymmetry. Each pharmaceutlcally acceptable acid addition, 
salt contains the same- number of centers of asymmetry as . the 
corresponding free base provided that the acid does not 
contain any center asymmetry. 

The compounds of Formula I and the pharmaceutically 
acceptable acid addition salts thereof may be divided into 
four subgroups, Groups lA, IB, IC and ID, based upon the 
significances of and R2. 



Group Ri R2 

lA Other Than Ring A Ring B 

IB Ring A Other Than Ring B 

IC Ring A Ring B 

ID Other Than Ring A Other Than Ring B 



The compounds and pharmaceutically acceptable acid 
addition salts of each of Groups lA, IB, IC and ID may be 
divided into three subgroups based upon the significance of z 
viz, , Groups lAa, lAb and lAc (those of Group lA wherein Z is 
a group of Formula a, b or c, respectively). Groups IBa, IBb 
and Ibc (those of Group IB wherein Z is a grdup of Formula a, 
b or c, respectively). Groups ICa, ICb and ICc (those of Group 
IC wherein Z is a group of Formula a, b or c, respectively), 
and Groups IDa, IDb and IDc (those of Group ID wherein Z .is a 
group of Formula a, b or c, respectively). 

Preferably, one of R^ and R2 is C^.galkyl not 
containing an asymmetric carbon atom and the other is Ring A 
(if R^ ) or Ring B (if R2)- R3 is preferably Ring C. More 
preferably, the preferences set forth in the preceding two 
sentences occur simultaneously* 

Also preferably, at least one of R2 and R3 is other 
than tertiary al)cyl* 

Q is preferably -CO-. 

R^ is preferably R^xr v^here R],^ is Ci^galkyl not 
containing an asymmetric carbon atom, more pre-ferably r'ix' 
where Rix Ci*3alkyl, n-butyl or ^-butyl, even more 
preferably rVx* where Ri'x is Ci-3alkyl, and most preferably 



6 



wo 86/07054 



PCT/EP86/00297 



i-propyl? or 

Rl is preferably R^y, where R^y is Ring A, more 
preferably Riy, where R'^y is Ring A wherein R4 is R^ , R5 is; 
R5, and Rg is Rg, even more preferably R^yr where R'fy is Ring 
A wherein R4 is R4, R5 is R5, and Rg is Rg, and most 
preferably R^yr where Riy is Ring A wherein R4 is R4, R5 is 
R5, and R5 is hydrogen, especially phenyl, 3,5-dimethylphenyl 
■or 4-fluorophenyl and more especially 4-f luorophenyl. 

R2 is preferably R2x where is Ring B, more 
preferably R2x/ where R2x is Ring B wherein R7 is R7, Ra is 
Re, and R9 is R9, even more preferably R2x, where R2x is Ring 
B wherein R7 is R7, Rq is Re, and R9 is R9, and most 
preferably R2x# where R2x is Ring B wherein R7 is R7, Rg ijs 
rS, and R9 is hydrogen, especially phenyl, 3,5-dimethylphenyl 
or 4-fluorophenyl and more especially 4-f ludrophenyl; or 

R2 is preferably R2y, where R2y is Ci-galkyl not . 
containing an asymmetric carbon atom, more preferably R2y, 
where R2y is Ci-3alkyl, ji-butyl or ^-butyl, even more 
preferably R2y, where R2y is Ci-aalkyl, and roost preferably 
1-propyl . 

R3 is preferably R3, where R3 is C^-galkyl not 
containing an asymmetric carbon atom, cyclohexyl or Ring C, 
more preferably R3, where R3 is. Ring C, even more preferably 
R3, where R3 is Ring C wherein r^q is r\o, r^ is rVi , and R12 
is R]2, and most preferably PL3, where R3 is Ring C wherein R,o 
is Rior Rl 1 is R 1 1 , and R12 is Ri2/ especially phenyl • 

Each of R4 and R7 is preferably R4 and Rf7, 
respectively, where each of R4 and R7 is independently 
hydrogen, Ci«3alkyl, fluoro, chloro or bromo, more preferably 
R4 and R7, respectively, where each of R4 and R7 is 
independently hydrogen, methyl or fluoro, and most preferably 
hydrogen or fluoro, especially 4-fluoro. 

Each of R5 and Rg is preferably R5 and Rg, 
respectively, where each of R5 and Rg is independently 
hydrogen, Ci^2*l^yl^ fluoro or chloro, more preferably Re and 
R8, respectively, where each of R5 and Rq is independently 
hydrogen or methyl, and most preferably hydrogen. 
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Eacn of Rg and R9 is preferably Rg and R9, 
respectively r where each of ^ and Rig is independently 
hydrogen or methyl # and most preferably hydrogen. 

RlO is preferably r\q, where r'to is hydrogen, 
Ci-3alkyl, Ci-2alkoxyr trif luororoethyl , fluoro, chloro, bromo 
or phenyl, more preferably R'io* where t(\q is hydrogen, methyl 
. or fluoro, and most preferably hydrogen, 

R^l is prefetably r'^^i, where Rn is hydrogen, : 
Ci-2alkyl, fluoro, chloro, bromo, -COOR17 or -N(Ri9.)2/. more 
preferably Ri 1 , where is hydrogen or methyl, and most • 
preferably hydrogen. 

RT2 is preferably Ri2^ where r'i2 is hydrogen or 
methyl, and most preferably hydrogen. 

Preferably, each of Rings A, B and C independently 
bears a maximum of one substitu ent selected from the group 
consisting of ^-butyl, trifluoromethyl, phenyl, phenoxy and 
benzyloxy. More preferably, when any two or all three of the 
substitu ents on Ring A [R4 (r!|, etc.), R5 (R5, etc.) and R^. 
(R'e, etc.)]. Ring B [R7 (R'7, etc.), Ra (R8, etc.) and Rg (Rg, 
etc.)] and Ring C [Rio (^10^ etc.), Rn etc.) and R12 

(Rl2r etc.)] independently are ortho to each other, at least 
one member of each pair that are ortho to each other is a 
member of the group consisting of hydrogen, methyl, methoxy, 
fluoro and chloro. Also more preferably, at least one of the 
ortho positions of each of Rings A, B and C independently has 
a member of the group consisting of hydrogen, fluoro and 
methyl . 

Rl3 is preferably Ri3, where R*i3 is hydrogen or 
methyl, and most preferably hydrogen. 

Rl4 is preferably R14, where R14 is hydrogen, Ri g or 
M, more preferably R14, where R14 is hydrogen, Ci.3alkyl or M, 



even more preferably R'i4r where r74 is hydrogen, Ci-2alkyl or 
N, and most preferably M, especially sodium. 

Preferably, each R15 is C]-3alkyl or both Ris's taken 
together are -(CH2)q-; more preferably, each R15 is Ci-23ikyl 
or both Ri5's taken together are -(CH2)q"? and most 
preferably, each R15 is Ci-2alkyl. 
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is preferably a physiologically acceptable and 
hydrolyzable ester group, more preferably rVg' where R^g is 
Ci_3alkyl, n-butyl, ^-butyl, ^-butyl or benzyl, even more 
preferably Ci-3alkyl, and most preferably Ci-2^1^yir 
especially ethyl. 

Preferably, each R'j7 is independently R'^7, where. R17 
is hydrogen, R^b or H; more preferably, each R^ is . . 
. independently R*{7, where R'^7 is Ci-2d^^y^ or M. 

Also preferably, when a compound contains two or more 

Rl7*s, each R17 is independently Ria (^18 or Q^^2^^^^} or the 
Rl7's (Ri7's or r''|7's} are identical, each of them being 
hydrogen or the same M. 

More preferably, either (i) R^3 is hydrogen, Ri4 (if 
present) is R'^5, and each R17 is independently R^g or (ii) Rh 
(if present) and each R17 are identical, each of them being 
hydrogen or the same M. 

Preferably, each R-jg is independently R19, where r'^ 3 
is Ci.3al)cyl; more preferably, each R^s is independently 

Each R] 9 is preferably r'^ 9, where each R'19 is 
independently Q\^2^^^Y^» 

Any -CH=CH-, -CH=CH-CH2-. or -CH2-CHaCH- as X is 
preferably trans , i,e. , (E). 

X is preferably X', where X' is -CH2CH2- or -CH^CH-, 
more preferably -CH=»CH-, and most preferably ^^C=C^h^ 
i.e. , (E)-CH=CH-, 

Z is preferably a group of Formula a wherein R^3 is 
Rl3r and R^4 is R14, a group of Formula b wherein R13 is Rn 
or a group of Formula c wherein Q is -CO-, R13 is Ri3r and R^4 
is R'i4r more preferably a group of Formula a wherein R13 is 
hydrogen, and R14 is R<|4, a group of Formula b wherein Ri 3 is 
hydrogen or a group of Formula c wherein Q is -CO-, R^3 is 
hydrogen, and R14 is r{4, and most preferably a group bf 
Formula a wherein R13 is hydrogen, and R^4 is R'f4 , preferably 
C^.23^^y^ or M, more preferably ethyl or M, most preferably M 
and especially M* . 

m is preferably m' , where m' is 2 or 3, and most 
preferably 2. 
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Bach H is preferably free from centers of asymmetry 
and is more preferably M* , i.e. # sodium, potassium or' 

^^^^^ 

ammonium, and most preferably sodium. For simplicity^ each : . 
formula in which an M appears has been written as if M were 
monovalent and, preferably, it is. However, M may also' be 
divalent or trivalent and, when it is, it balances the charge 
of two or three carboxy groups, respectively. Thus> Formula; I 
• and every other formula containing an M embraces compounds 
wherein M is divalent or trivalent, e.g. , compounds containing 
two or three monocarboxylate-containing anions per cation M." 
Preferably, when a compound contains two or more M's, they are • 
the same. 

As between otherwise identical compounds of Formula I 
and pharmaceutically acceptable acid addition salts thereof, 
those wherein Z is a group of Formula a are generally pre- 
ferred over those wherein Z is a group of Formula b or c. 

Insofar as the compounds of Groups lAa, IBa, ICa and. 
IDa and the pharmaceutically acceptable acid addition salts 
thereof and each of the subgroups thereof are concerned, the 
ervthro isomers are preferred over the threo isomers, ervthro 
and threo referring to the relative positions of the hydroxy 
gcoups in the 3- and 5-positions of the group of Formula a. 

Insofar as the compounds of Groups lAb, iBb, ICb and 
IDb and the pharmaceutically acceptable acid addition salts 
thereof and each of the subgroups thereof are concerned, the 
trans lactones are generally preferred over the cis lactones, 
cis and trans referring to the relative positions of R^3 and 
the hydrogen atom in the 6"position of the group of Formula b. 

The preferred stereoisomers of the compounds of 
Formula I and the pharmaceutically acceptable acid addition 
salts thereof having only two centers of asymmetry wherein X 
is a direct bond, -CH»CH- or •CH2-CH«CH-, and Z is a group of 
Formula a are the 3R,5S isomer and the racemate of which it is 
a constituent, i.e> , the 3R,5S-3S,5R ( ervthro ) racemate. 

The preferred stereoisomers of the compounds of 
Formula I and the pharmaceutically acceptable acid Addition 
salts thereof having only two centers of asyrametty wherein X ^ 
is -CH2-r -CH2CH2'-f -CH2CH2CH2- or -CH-CH-tCHV r and z is a 
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group of Formula a are the 3R,5R isomer and the racenate of 
which it is a constituent, i.e. . the 3r,5r-3s,5s ( ervthro ) 
racemate. 

The preferences set forth in the preceding two 
graphs also apply to the compounds of Formula I and the 
pharmaceutically acceptable acid addition salts thereof : 
wherein I Is a group of Formula a having more than two centers 
• of asymmetry and represent the preferred configurations of the 
Indicated positions. 

The preferred stereoisomers of the compounds of 
Formula I and the pharmaceutically acceptable acid addition 
salts thereof wherein X Is a direct bond, -CH=CH- or 
-CH2-CH»CH-, and z Is a group of Formula b are the 4R,6S .and 
4R,6R Isomers and the racemate of which each Is a constituent, 
jUej., the 4R,6s-4S,6R ( trans lactone) and 4R,6R-4S,6S (els 
lactone) racemates, with the 4R,6S Isomer and the racemate of 
which It Is a constituent being more preferred and the 4R,6S 
Isomer being most preferred. 

The preferred stereoisomers of the compounds of 
Formula 1 and the pharmaceutically acceptable acid addltlpn 
salts thereof wherein X Is -CH2-, -CH2CH2-, -CH2CH2CH2- or 
-CH-CH-CH2-, and Z Is a group of Formula b are the 4R,6R and 
4R,6S Isomers and the racemate of which each is a constituent, 
liCj., the 4R,6R-4S,6S ( trans lactone) and 4r,6s-4s,6r ( els 
lactone) racemates, with the 4R,6R Isomer and the racemat^ of 
which It Is a constituent being more preferred and the AK.St. 
Isomer being most preferred. 

The preferred stereoisomers of the compounds of 
Formula I and the pharmaceutically acceptable acid addition 
salts thereof having just one center of asymmetry wherein Z Is 
a group of Formula c are the 3R Isomer and the racemate of 
which It Is a constituent, l^, the 3R-3S racemate, with the 
3R Isomer being more preferred. These preferences also apply 
to the compounds of Formula 1 and the pharmaceutically 
acceptable acid addition salts thereof wherein z Is a group of 
Formula c having more than one center of asymmetry and 
represent the preferred configuration of the Indicated 
position. 
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Generally, the compounds o£ Formula I are preferred 
over the pharmaceutically acceptable acid addition saltis of 
the corresponding compounds. 

Each of the preferences set forth above applies,: not 
only to the compounds of Formula I, but also to the compounds 
of Groups XAr IB, IC and ID and the pharmaceutically. 
acceptable acid addition salts thereof and those of Groups 
iAa, lAb, lAc, IBa, IBb, IBc, ICa, ICb, ICc, IDa, IDb and IDc 
as well as to every other subgroup thereof set forth in the 
specification, e.g> , Groups (i) et seq,, unless otherwise, 
indicated. When any preference or group contains a variable, 
the preferred significances of that variable apply to the . 
preference or group in question, unless otherwise indicated. 

Preferred subgroups of Groups lAa, lAb, lAc, IBa, IBb 
and IBc include the. compounds and the pharmaceutically 
acceptable acid addition salts 

(i) of Group lAa wherein is r'^^' ^2 ^'2x' ^3 ^® 
r'3, R]3 is Ri3, Ri4 is K^^r and X is X', 

(ii) of (i) wherein R^ is r']^, R3 is R3, R13 is 
hydrogen, R14 is R14, and X is (E)-CH«CH-, 

(iii) of (ii) wherein R3 is ^(3, and R14 is R14, 

(iv) of (iii) wherein R^ is R'fx (especially J[-propyl) , 
R2 is R2xf and R3 is R3, 

(v) -(viii) of (i)-(iv) wherein Ri4 is M, preferably 
and especially sodium, 

(ix)-{xvi) of (i)-(viii) wherein the hydroxy groups in 

• » ■ 

the 3- and 5-positions of the group of Formula a have the . 
erythro configuration, 

( xvii)-(xxiv) the 3R,5S enantipmers of {ix)-(xvi) when 
X is -*CH»CH- and the 3R,5R enantiomers of (ix) when X is 

» 

-CH2CH2-, 

(xxv) of Group lAb wherein Ri is r'ix* ^2 is R2x' ^3 
R3, Ri3 is R13, and X is X', 

(xxvi) of (xxv) wherein Ri is R|x' ^3 ^3» ^13 
hydrogen, and X is {E)-CH=CH-, 

(xxvii) of (xxvi) wherein R3 is R3, 

(xxviii) of (xxvii) wherein R^ is R*ii (^especially 
i-propyl), R2 is R2x' and R3 is R3'J 
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(xxix)-(xxxii) of { xxv)-(xxviii) wherein R^3 and the 
hydrogen atom in the 6-position of the group of Formula b are 
trans to each other, i.e, , the trans lactones, 

{xxxiii)-(xxxvi) the 4R,6S enantiomers of 
(xxix)-(xxxii) when X is -CH»CH- and the 4R,6R enantiomers of : 
(xxix) when X is -CH2CH2'-# 

(xxxvii) of Group lAc wherein Ri is R^^^ ^2 is R-gx* R3 
•is R3, Rt3 is R13, Ri4 is r'i4, each R^s is Ci-3alkyl or both 
Ris's taken together are -(CH2)q-r and X is X', 

(xxxviii) of (xxxvii) wherein R^ is Rix# R3 is Rs, R13 
is hydrogen, R14 is R14, each R^s is Ci-2sl^yl or bothRis's 
taken together are -(CH2)q-, and X is (E)-CH=CH-, 

(xxxix) of (xxxviii) wherein R3 is R3, R,4 is R*f 4 , and 
each Ri5 is C'\^2^^^y^' 

(xl) of (xxxix) wherein R-j is r'^^ (especially 
i-propyl), R2 is R2xf and R3 is R3, 

(xli)-(xliv) of (xxxvii)-(xl) wherein Q is -CO-, 

(xlv)-(lii) of (xxxvii)-(xliv) wherein R14 is 
preferably M' and especially sodium, 

(liii)-(lxviii) the 3R enantiomers of (xxxvii)-{ lii) , 

(Ixix) of Group IBa wherein R, is R^y, R2 is R2y^ R3 
is R3, Ri3 is R13, R^4 is Ri4, and X is X*, 

(Ixx) of (Ixix) wherein R2 is R2y, R3 is R3, Ri3 is . 
hydrogen, R14 is r{4, and X is (E)-CH=CH-, 

(Ixxi) of (Ixx) wherein R3 is R3, and R14 is RV4, 

(Ixxii) of (Ixxi) wherein Ri is R'fy, R2 is R2y 
(especially JL-propyl) , and R3 is R3; 

{lxxiii)-{lxxvi) of ( lxlx)-( Ixxii) wherein Ri 4 is M, 
preferably M' , and especially sodium, 

(Ixxvii)-(lxxxiv) of (Ixix)-(lxxvi) wherein the 
hydroxy groups in the 3- and 5-positions of the group of 
Formula a have the erythro configuration, 

{Ixxxv)-(xcii) the 3R,5S enantiomers of 
(Ixxvii)-(lxxxiv) when X is -CH=CH- and the 3R,5R enantiomers 
of (Ixxvii) when X is -CH2CH2-, 

(xciii) of Group IBb wherein R, is R*|y, R2 is R2yr R3 
is R3, Ri3 is R13, and X is X«, 
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(xclv) of (xciii) wherein R2 is R2yr R3 is R3, R13 is 
hydrogen, and X is (E}-CH=CH-, 

(xcv) of (xciv) wherein R3 is R3, 

(xcvl) of (xcv) wherein Rt is R'Vy, Rj is R2y 
(especially i-propyl), and R3 is R3", 

(xcvii)-{c) of (xciii)-(xcvi) wherein R13 and the 
hydrogen atom in the 6-position of the group of Formula b. are 
•trans to each other > 

{ci)-(civ) the 4R,6S enantioiners of (xcvii)!-(.c): when X 
is -CHsCH- and the 4R,6R enantiomers of (xcvii) when X is 
-eH2CH2-, 

(cv) of Group IBc wherein R^ is R','y, R2 is R2y,, R3 is 
R3, R,3 is R,3, R,4 is R',4, each R,5 is Ci_3alkyl or both 
RlS's taken together are -(CH2)g-, and X is X' , 

(cvi) of (cv) wherein Rj is Rjy, R3 is R3, R,3 is 
hydrogen, R,4 is Ri4, each R15 is Ci_2alkyl or both R^s's 
taken together are -(CH2)g-, and X is (E)-CH"CH-, 

(cvii) of (cvi) wherein R3 is ri^, R^^ is R'J'4, and each 
Rl5 is C,>2all«ylr 

(cviii) of (cvii) wherein R, is R'\'y, Rj is R2y • 
(especially j,-propyl) , and R3 is R'3, 

(cix)-(cxii) of (cv)-(cyiii) wherein Q is -CO-, 
(cxiii)-(cxx) of (cv)-(cxii) wherein R,4 is M, 
preferably M' and especially sodium, and 

(cxxi)-(cxxxvi) the 3R enantiomers of (cv)-(cxx). ' 
Groups (ix)-(xvi) and (Ixxvii) and (Ixxxiv) embrace 
the 3R,5S-3S,5R racemate and the 3R,5S and 3S,Sr enantiomers 
when X is -CH=CH-, the 3S,5R enantioraer being least preferred 
and the 3R,5R-3S,5S racemate and the 3R,5R and 3S,5S 
enantiomers when X is -CH2CH2-, the 3S,5S enantiomer being 
least preferred. 

Groups (xxix)-(xxxii) and (xcvii)-(c) embrace the 
4R,6S-4S,6R racemate and the. 4R,6S and 4S,6R enantiomers when 
X is -CH=CH-, the 4s,6R enantiomer being least preferred, and 
the 4R,6R-4S,6S racemate and the 4r,6R and 4S,6S enantiomers 
when X is -CH2CH2-, the 4S,6S enantiomer being least 
preferred. 
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Insofar as Groups ica, icb and icc are concerned, the 
preferred subgroups are those that correspond to Groups 
(i)-(lxviii) wherein in Groups (i), (xxv) and (xxxvii) is 
replaced by Riy, "R^ is r'^^" is deleted from Groups (ii)., 
(xxvi) and (xxxviii) and ( especially ^-propyl) " in Groups 

(iv), (xxviii) and (xl) is replaced by R^yT i,e, . Groups\ 
(cxxxvii)-(cciv) . 

Insofar as Groups iDa, iDb and IDc are concerned, the 
preferred subgroups are those that correspond to Groups (i)- 
(Ixviii) wherein r'^x in Groups (i), (xxv) and (xxxvii) is 
replaced by R'2y, Ray** is added to Groups (ii), (xxyi) 

and (xxxviii), and R2x in Groups (iv), (xxviii) and (xI) is . 
replaced by -R2y (especially i-propyl) % i>e, . Groups (ccv)- 
(cclxxii). 

It goes without saying that all of the provisos set 
forth above in connection with Formula I apply to Groups (i)- 
(cclxxii) and any other group set forth in this application. 

A representative group of the compounds of Formula I 
and the pharraaceutically acceptable acid addition salts 
thereof are those wherein one of r^ and R2 is Rix and the 
other is Ring A wherein R4 is other than bromo and R5 is other 
than bromo, -COOR17 and -N{Ri9)2 (Re being as defined above)*, 
R3 is Ring C wherein R^q is other than bromo and R^ is other 
than bromo, -COOR17 and -N(Ri9)2 (R12 being as defined above), 
X is X', and Z is a group of Formula a wherein. R13 is 
hydrogen, and R14 is hydrogen, a physiologically acceptable 
and hydrolyzable ester group or M or a group of Formula b 
wherein R13 is hydrogen, each of the variables not defined 
here being as defined above, with the provisos that not. more 
than one substituent on each of Rings A and C independently is 
trifluoromethyl, not more than one substituent on each of 
Rings A and c independently is phenoxy, not more than one 
substituent on each of Rings A and C independently is 
benzyloxy, and the compounds must be in free base form when Z, 
contains an H. 
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The free bases of each group that embraces both free 
bases and pharmaceutically acceptable acid addition salts are 
preferred. 

The compounds of Formula I and the pharmaceutically 
acceptable acid addition salts thereof may be synthesized as 
follows: 
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Reaction Scheme I 

The compounds of Formula I wherein any R^y is.R^sand 
either X is -CH-CH- or -CH2-CH=CH-, and z is a group of 
Formula b having the 4R,6s configuration or X is -CH2CH2- or 
-CH2CH2CH2-, and Z is a group of Formula b having the 4R,6R 
configuration may be synthesized by the following series of 
reactions: 



® ^ 

a) ImA-Xi-P(C6H5)3 Y© (H) or 



O 

b) ljnA-X,-P(OR2i)2 (HI) 



96H5 



1 } Strong base 



2) 



?6H5 



^0-Si-t-C4H9 

R 




C6H5 



(IV) 



\^0-Si-t^-C4H9 



B 



Oesilylation 
reagent 



ImA-X 




H2 



C6H5 



(VI) 




0-Si-t-C4H9 



C6H5 



(VII) 



Oesilylation 
reagent 




ImA-X 



(VIII) 



wo 86/07054 



PCT/EP86/00297 



Reaction Scheme XI 



The corappunds of Formula I wherein any R^y is R^3r X. 
is -CH2CH2-, -CH2CH2GH2-r -CH-CH-, -CH=CH-CH2- or -CH2-CHa(;H-, 
and Z is a group of Formula a wherein R14 is may be 
synthesized by the following series of reactions: 



ImA-Xi-P(C6H5)3 ^ __ 

(XI) or 1} Strong base 



b) XmA-Xi-^(0R2i )2 



(XXI) 



2) H- 



Rl3 



C-X4"C H -CH2- 



"1 



-CH2-COOR15 



CgHg-Si-CgHs CgHs-Si-CgHs (X) 



t-C4H9 



?13 



?13 



ImA-X5-CH— CH2' 



C-CH2-COOR1 6 



CgHs-Si-CgHs CeHs-Si-CgHs 



t-C4Hg 



i-C4H9 (XI) 



H2 



13 



ImA-X3"CH' CH2' 



1 



1 



imA-X5-CH-CH2-C-CH2-COOR*i6 



Desilylation 
reagent 



OH 



r 



OH (XIX) 



-CH2-COOR]5 



CeHs-Si-CgHs CgHg-Si-CfiHs 



?13 



XmA-X3-CH-CH2-C-K:H2-COORi 6 



1 



OH 



OH (XXV) 



Desilylation 
reagent 



t-C4H9 t-C4H9 
(XIII) 
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Reaction Scheme III 

The compounds of Formula 1 wherein X is -(CH2)in- pr 
(E)-CH«CH-, and ( i) any R^7 is R^q, and Z is a group of 
Formula a wherein R]3 is hydrogen, and R14 is R16 or (ii) ^,3 
is RiBar Rl4 is M2® and any M as R17 is M2® may be synthesized 
by the following series of reactions: 



ImA-Xe-CHO ^ 

(XV) 1) CH3COCH2COOR15 (XVI) 

+ Strong base 
2) Compound of 
Formula XV 



^ ImA-X6-CH-CH2-C-CH2-COORi6 



r 

OH 



(xyii) 



K 1) CH3CORi3a (XIX) 
+ Strong base 
2) Compound of 
Formula XV 



\1/ 

ImA-X6-CH-CH2-C-Ri 3a 



Mild reducing 
agent 



ImA-X6-CH-CH2-CH-CH2-COOR'i g 



OH 



OH 



(XVIII) 



OH 0 
(XX) 



ImA-X6-CH-CH2-C-Ri3 



(R22-CO)20 (XXI) 
or R22-C0-y (XXII) 



C=0 



R22 



(XXIII) 



Rl3a 



M 



1) CH3-COOR22 (XXIV) 

+ strong base 

2) Compound of 
Formula XXIII 



;^ImA-X6^CH-CH2-C-CH2-C00R22 



OH 



(XXV) 



C«0 



R22 



?13 



N 



M2©Gb 



H (XXVI) 



ImB-X5-CH-CH2-C-CH2-COC^ M2® 



OH 



OH 



(XXVII) 



- 19 - 



wo 86/07054 



PCT/EP86/00297 



Reaction Scheme IV 



The compounds of Formula I wherein Z is a group of . 
Formula a or b may be converted into the corresponding 
compounds of Formula 1 wherein z has a different significance 
of Formula a or b, and the compounds of Formula I wherein Z is 
a group of Formula a or b except those containing an M may be 
converted into the corresponding pharmaceutically acceptable 
acid addition salts by the following series of reactions: 

?13 



AA 



ImA-X-CH-CH2-C-CH2-COORi g 

(XXVIXI) 



M^GbH (XXVI) 



OH 



OH 
Rl3 



I 



13 



lmB-X-CH-CH2-C-CH2-CO0© Mj® + ImC-X-CH-CH2-C-CH2-COORi g 



OH 



OH (XXIX) 



OH 



OH 



(XXX) 



3 Us 



^ Rl3 



Im0-X-CH-CH2-C-CH2-COOH 



?13 



AC 



OH OH (XXXI) (XXXII) 



^ ImE-X~CH-CH2--C-CH2-COOH + 



OH 




OH (XXXIII) 
Rl3 



Im-X-CH-CH2-C-CH2-C0d9 M© 



ImD-X 




AG 



(XXXV) (XXXII) { XXXVI) ^ 



OH OH (XXXIV) 

I I lmB-X-CH-CH2-C-CH2-COO© M2® 



OH 



T 



OH. (XXIX) 



M2©GbRi5 (XXXVII) 



Mi^QoH (XXVI) 
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Ri3 



Rl3 



AI . 



ImB-X-CH-CH2-C-CH2-COOR,6 ^ ImP-X-CH-CHj-C-CHz-COORig 



H® 



OH OH (XXXVIII) 



AH 



Ion exchange 



?13 



ImG-X-CH-CH2-C-CH2-COORi g 



OH OH (XXXIX) 



OH OH (XL) 



AJ 



l^^B (XXXII 



?13 



IraE-X-CH-CH2-C-CH2-COORi 5 

I (XLI) 
OH OH 



Rl3 



ImD-X-CH-CH2-C-CH2-COOH 



?13 



AK 



1^ InU)-X-CH-CH2-C-CH2-COOfl 

HA •HA 



OH OH (XXXI) (XLII) 



?13 



IxnD-X-CH-CH2-C-CH2-COOR^ 5 



OH OH (XIiIII) 



?13 



AL 



^ In»D-X-CH-CH2-C-CH2-COORi 

HA -HA 



OH OH (XLIV) (XLII) 



6 



OH OH (XLV) 



ImO 



*<13\<^H AW 
.xJvJ==0 HA (XLII) 



imo-x 




HA ( XLVI ) 



(XXXV) 
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Reaction Scheme V 



The compounds of Formula I wherein Z is a group of 
Formula c may be synthesized by the following series of 
reactions: 

?13 Rl3 

BA 



IroA-X7-C-CH2-C-CH2-COORi5 ^ 



lmA-X7-CH-CH2-C^CH2-C0pRi g 



a) Hn02 or 
OH (XliVIIl) b) Swern's 

reagent 



1 



OH 



OH (XLVII) 



BB 



M2®^H (XXVI) 



lmB-X7-C-CH2-C-CH2-COC© M^^ + ImC-Xy- 



?13 



:-CH2-C-CH2-C00Ri 5 



0 . OH (XLIX) 



I 



OH (L) 



BC 



n1/ ?13 



BD 



f— imD-X7-C-CH2-C-CH2-COOH 



BF 



?13 



^ IraD-X7-C-CH2-C-CH2-COOH .HA 



OH (LI) 



HA 
(XLII) 



? 



OH (LZI) 



RI6OH 
(LV) BB 



M©©( 



OH (XXXII) 



?13 



?13 



ImE-X7-C-CH2-C-CH2-COOH + Iin-X7-C-CH2-C-CH2-COO0 



1 



OH (LIII) 



R13 



! 



OH 



(LIV) 



?13 



BG 



L^lmD-X7-C-CH2-9-CH2-COORi g 



r 



OH (LVI) 



HA 
(XLII) 



IraO-X7-C-CH2-C-CH2-COOR^ 5 -HA 



OH 



(LVII) 
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BH 



t^OoE (XXXII) 



IinE-X7- 



R13 

r 

>CH2-C-CH2-COORi 6 



OH (LVIII) 



?13 



IraA-X7-C-CH2-C-CH2-COORi 5 



OH (LIX) 



Rl3 



BI 



^ImA-X7-C-CH2-C-CH2-COORi g 

a) H-C(ORi5)3 

(LX) or 0 0 OH 

b) H0-(CH2)q-0H | | (LXII) 

(LXI) Ri5 Ri5 



?13 



BJ 



Rl3 



M2®^H 
(XXVI) 



^ ImB-X7-C-CH2-C-CH2-COC^2® + ImC-X7-C-CH2-C-CH2-COORi6 



/\ 



0 0 OH (LXIII) 



7\ 



O O OH (LXZV) 



Rl5 Rl5. 



Rl5 Rl5 



BK 



Ion exchange 



Ion exchange 



\1/ 



Rl3 



?13 



ImH-X7-C-CH2-C-CH2-COd9 iinG-X7-C^-CH2-C-CH2-COORi g 

on 0 0 OH 



'A 



(LXV) 



(LXVI) 



Rl5 Rl5 



Rl5 Rl5 
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Reaction Scheme VI 

The compounds of Formula XV may be synthesized by jbhe 
following series of reactions: 



Rla-CH-COOH + a) 



NH2 (LXVIII) 



b) 



■COOH 



CA 

R3r-C0-Y ^ R^a""CHH 

(LXIX) I 

+ Base or NH-CO-R3 

(LXXI) 

H-CO-O-CO-CH3 
(LXX) 



CB 



AC2O + Base 



^ Rl a-CH-C0-CH3 



NH-C0-R3a 
(LXXII) 



CC 



R2a-NH2 
(LXXIZI) 



?2a 



N 



Rl a-CH-C-CH3 



NH-C0-R3a 
(LXXIV) 



CD 



PCI5 



V- 



N — R 



2a 



3 a 



(LXXV) 



'ImA-CH3 



CE 



Pb(0Ac}4 



ImA-CH2-0-CO-CH3 
(LXXVI) 



CF 



CG 



ImA-CH20H 

Base (LXXVIX) 



Mild 

oxidizing 
agent 
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CH 



CI 



ImA-CHO 

(LXXVIII) 1) (C6H5)3l«^CH20CH3 Cl© (LXXIX) 

+ Strong base 

2) Compound of Formula LXXVIII 

3) H© 

a) (C6H5)3P«CH-COOR22 
CK (LXXXIII) or 

b) 1) (R2iO)2PO-CH2--COOR22 
(LXXXIV) + Strong base 

2) Compound of Formula 
LXXVIII 

\k 

ImAv 

C=C 

W ^COOR22 



^ IraA-CH2-CH0 j[LXXX) 



1 ) Compound LXXIX 
-¥ Strong base 

2) Compound of 
Formula LXXX 

3) ^ 



ImA-CH2CH2-CHO (LXXXI) 



1 } Compound LXXIX 
Strong base 

2) Compound of 
Formula LXXXI 

3) rf5> 



CJ 



(LXXXV) 



CL 



Reducing 
agent 



ImA-CH2CH2CH2-CH0 
(LXXXII) 



ImA^^ 



CM 



ImA. 



CH2OH 



Mild oxidizing 
agent 



^C«C ( LXXXV H) 

A 



( LXXXVI ) 



CN 



CO 



ImA-CH3 
(LXXV) 



^ imA-CHO 

K2S2OB + (LXXVIII) 

CUSO4/ 

CH3CN + H2O 



1) H 



Li' ^OC2H5 
(LXXXVI II) 
2) 2rT50H/H20 
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Reaction Scheme VII 

The compounds o£ Formulae II and III and those of 
Formula LXVXII wherein R^a is ^ may be synthesized by the 
following series of reactions; 



DA 

ImA-CH20H 

(LXXVII) SOCI2 



ImA-CH2-Cl ^ IinA-CH2-P(C6H5)3 CI© 

•HCl (C6H5)3P (XCII) 

(XCI) 



DC 



P(OR2i)3 (XCIII) 



ImA-CH2-P { OR2 1 ) 2 {XCIV ) 



DD 



DE 



IraA-CH2-CH0 

(LXXX) Reducing agent 



^ ImA-CH2CH20H 
(XCV) 



SOCI2 



7^ 



ImA-CH2CH2-Cl 

•HCl (C6fl5)3P 
(XCVI) 



DF © 

> lraA-CH2CH2-P(C6H5)3 C30 

(XCVII) 



DG P(OR2i)3 
(XCIII) 

NX 0 

I 

ImA-CH2CH2-P(OR2i )2 (XCVII X ) 



G DH 

Rlr-CHO + GHCI3 + NH3 + KOH + LiCl + C6H5CH2N(C2H5)3 ci3 .■ — ■> 

^ — * 

(XCIX) ' H2O 



Rl ^-CH-COOH 



1 



(C) 



NH2 
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In the foregoing reaction schemes / 

HA is a pharmaceutically acceptable acid, 



Im is 




ImA is Im wherein each is independently Hia^ 

ImB is Im wherein each R*) 7 is independently R^s 
or 

ImC is Im wherein each R^7 is independently Ris; 

or with the proviso that at least one 

-COdS M2® group is present, 

ImD is Im wherein each R^7 is independently 

hydrogen or RiS' 
ImB is Im wherein each R17 is independently 

hydrogen, R^g or M, with the proviso that at 

least one -COO© group is present, 
Imp is Im wherein each R^7 is independently 

hydrogen or ^xq, with the proviso that at 

least one carboxy group is present, 
ImG is Im wherein each R^7 is independently R'la 

or M, with the proviso that at least one 
group is present, 
ImH is Im wherein each R^-j is independently Rig 

or M, 

Rfg is R) wherein R17 is RiQt 
R]^ is Ring A wherein R17 is R^g, 
R2a is ^2 wherein R17 is RiS/ 
R33 is R3 wherein R17 is R^s* 

R3^ is R3ar with the proviso that R2r other 
than hydrogen, 
Rl3a is Ci.3alkyl, preferably methyl, 
each R21 is independently C^^i^^^Y^' Ci-2si^i 

groups preferably being the same, 
each R22 is independently Ci.3alkyl# preferably 

n-Ci-3alkyl, and most preferably Ci-2alkyl, 
Xi is -CH2- or -CH2CH2-r 
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X2 is -CH»CH- or -CH2-CH«CH-, preferably -CH=CH- 

and especially (B)-CH=»CH-, 
X3 is -CH2CH2-or -CH2CH2CH2-f especially 

-CH'2CH2-r 

X4 is a direct bond or -CH2-# 

X5 is -CH-Ca-, -CH^CH-CHa- -CH2-CH»Ca'r 

preferably (E)-CH-CH-, {B)'-CH»CH-CH2- or 
(E)-CH2-CH«CH- and especially (E)-CH«CH-, 

Xg is -(CH2)in- or (B)-CH«CH-, especially 
(E)-CH=CH-, 

X7 is -(CH2)Tn-. -CH=CH-, -CH2-CH»CH- or 

-CH=CH-CH2- When R13 is Ci^aalkyl and is 
-CH«CH- or -CH2-CHaCH- when hydrogen, 

Y is chloro or bromo, 

x€) is chloride or bromide, 

M2® is sodium or potassium, and 
each of the other variables is as defined above. 
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In the preceding table, 

AIO = anhydrous inert organic solvent 

ES « ether solvent, for example, diethyl ether, : 
1 /2-diethoxyethane, 1 ,2-dimethojcyethane*, 
tetrahydrofuran, dioxane and mixtures thereof 

esp. » especially 

HC » hydrociarbon solvent, for example, benzene, 

toluene, xylene and mixtures thereof 
HLA a halogenated lower alkane solvent, for 

example, carbon tetrachloride, chloroform, 
1/1 -dichloroe thane, 1 ,2-dichloroethane, : 
methylene chloride and 1 , 1 ,2-trichloroethane, 
usually preferably methylene chloride 
hr, (hrs.) - hour(s) 

10 a inert organic solvent 
min. « minutes 
pref . » preferably, preferred 
THF « tetrahydrofuran 

Most of the molar amounts (ratios) given in the 
preceding table are merely exemplary and may be varied, as is 
evident to one of ordinary skill in the art. For example, in 
a reaction of two compounds one of which is readily available 
and one of which isn't, an excess of the readily available 
compound may be used to drive the reaction further towards 
completion {unless the use of an excess would increase the 
synthesis of an undesired compound). 

Likewise, most of the temperature ranges given in the 
preceding table are merely exemplary, and it is within the 
ability of one of ordinary skill in the art to vary those that 
are not critical. 

The reaction times set forth in the preceding table 
are also merely exemplary and may be varied. As is well- 
known, the reaction time is often inversely related to the 
reaction temperature. Generally, each reaction is monitored 
by, for example, thin layer chromatography and is terminated 
when at least one starting material is no longer present, when 
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it appears that no more of the desired product is being 
formed, etc. 

Conventional work-up procedures have generally been 
omitted from the preceding table. 

As utilized in the preceding table, the terra "solvent" 
embraces mixtures of solvents and implies that the reaction 
medium is a liquid at the desired reaction temperature. It - ' 
should, therefore, be understood that not all. of the [solvents 
listed for a particular reaction may be utilized for the 
entire recited temperature range. It should also be under- 
stood that the solvent must be at least substantially inert to 
the reactants employed, intermediates generated and end 
products under the reaction conditions utilized. 

The term "inert atmosphere", as utilized in the 
preceding table, means an atmosphere that does not react with 
any of the reactants, intermediates or end products or other- 
wise interfere with the reaction. While a carbon dioxide 
atmosphere is suitable for certain reactions, the inert 
atmosphere is usually nitrogen, helium., neon, argon or 
krypton, or a mixture thereof, and most often dry nitrogen to 
maintain anhydrous conditions. Most reactions, including 
those where the use of an inert atmosphere is not specified, 
are carried out under an inert atmosphere, usually dry 
nitrogen, for convenience. 

In the preceding table, n-butyllithium is preferably 
employed as a 1.3-1.7M. solution in hexane, and lithium 
diisopropylamide is preferably prepared in situ from ' 
n-butyllithiura and diisopropylamine. 

Reactions analogous to many of the reactions of this 
application are described in detail in EPO published applica- 
tion 114027 and may be carried out analogously to the corres- 
ponding reactions of said application. Generally, where the 
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reaction conditions set forth in said application differ from 
those set forth in this application, the reaction conditions 
set forth in said application may also be utilized for the 
compounds of this application. 

Reactions analogous to many. of the reactions of this 
application are also described in PCT published application 
W086/00307. Generally, where the reaction conditions set 
forth in said application differ from those set forth in this 
application, the reaction conditions set forth in said appli- 
cation may also be utilized for the compounds of this • 
application . 

The product Of each reaction may, if desired, be puri- 
fied by conventional techniques such as recrystallization (if 
a solid), column chromatography, preparative thin layer 
chromatography, gas chromatography (if sufficiently volatile), 
fractional distillation under high vacuum (if sufficiently 
volatile) or high pressure (performance) liquid chromatography 
(HPLC). Often, however, the crude product of one reaction may 
be employed in the following reaction without purification. 

some of the reactions described above may yield mix- 
tures Of two or more products only one of which leads to the 
desired compound of Formula i. Por example. Reaction CE may 
yield mixtures when, for example, at least one of R,^, Rg^: and 
R4-R12 IS primary or secondary alkyl, particularly methyl. 
Any obtained mixture may be separated by conventional 
techniques such as those set forth in the preceding paragraph. 

The reactions disclosed above may be utilized to syn- 
thesize compounds of Formula I having an R,4 group and one or 
more R,? groups or no R14 group and two or more R17 groups 
wherein the R,4 and/or R^ groups are different. However, 
mixtures, from which the desired compound may be isolated by 
conventional means, such as those set forth above, are usually 
obtained. 

It is, however, sometimes possible to increase the 
selectivity in, for example. Reactions AA, bb and BJ by 
utilizing therein compounds wherein the Rig or r',6 and/or R,8^ 
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group(s) to be hydrolyzed differ from each such group to be 
retained. 

It is often preferable to synthesize compounds of 
Formula I having two or more different R14 and/or R17 groups 
(and sometimes other compounds of Formula I) by n»difying the 
processes set forth above. For example, one can synthesize 
compounds of Formulae XXVIll, XLVHI and LXII having in lieu 
of R,g or r'i6 and/or one or more R^g groups other ester groups 
that may be hydrolyzed under conditions that do not affect the. 
Rl6' RI6 an<3 R18 groups that are present and that are stable 
to the reaction conditions utilized to synthesize the com- • 
pounds. For example, to synthesize a compound of Formula XXIX 

i™B ^ntains one or more -COOR,a groups and no 
-COC© M2® groups or a compound of Formula XXIX or XXX wherein 
ImB or imc, as the case may be, contains one or two -C00R,8 
groups and one -co09 group or one of the former and two of 
the latter, one can utilize the processes set forth for the 
synthesis of the compounds of Formula XXVlii to synthesize a 
corresponding compound having, in lieu of each R'^g and/or R^g 
group to be hydrolyzed, a group that may be cleaved by condi- 
tions that do not affect the r\s and/or R^g group(s) to be re- 
tained, cleave said group(s) under said conditions (rather 
than those of Reaction AA) and, if necessary, utilize the 
processes set forth above to convert one or more carboxy 
groups into salt form. Examples of ester groups that may be 
cleaved without affecting some or all of the R^ and/or r,8 
groups present are trityl, 2,2,2-trichloroethyl and allyl. it 
is well within the ability of one of ordinary skill in the art 
to synthesize compounds corresponding to those of Formulae 
XXVIIl, LXII, etc. but having, in lieu of one or more R^g, r'i6 
and/or Rig groups, groups cleavable by conditions that do not 
affect the R^g, R-^g and/or R^g groups and to utilize said 
conditions to cleave said groups. 

AS between Reactions CB, cf and CG, on the one hand, 
and Reaction CN, on the other. Reaction CH is usually pre- , 
f erred, particularly when imA contains one or more -COORig 
groups, since -C00R,8 groups may be hydrolyzed by the reaction 
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conditions utilized in Reaction CP. As between Reactions CK, 
CL and CM, on the one hand^ and Reaction 00, on the :Other, . 
Reaction CO is usually preferred, particularly when ImA : 
contains one or more -COORis groups, because -COORi ^ groups 
may be reduced by the reaction conditions utilized in Reaction 
CL. 

The compounds of Formulae IV, x, XVI, XIX, XXI, XXri, 

XXIV, XXVI, XXXII, XLII, LV, LX, LXI, LXVIII-LXXI, LXXlII, ' 

LXXIX, LXXXIII, LXXXIV, LXXXVIII, XCIII and XCIX and the 
reaigents not designated by a Roman number are known or, if 
unknown, may be synthesized by processes analogous to those 
described in the literature for similar known compounds. For 
example: (1) The compound of Formula IV is disclosed in 
PCT Published Application W086/CX)307. (2) Compounds of 
Formula X are also disclosed in PCT Published implication 
W086/00307. A preferred process for the synthesis of the 
erythro racemate of the compound of Formula X wherein R^^. is 
hydrogen, R'^g is methyl, and is a direct bond is disclosed 
in Kapa, Tetrahedron Letters 25, 2435-2438 (1984). The other 
compounds of Formula X wherein Rj^^'is hydrogen, and X. is a 
direct bond in racemic erythro form may be synthesized 
similarly- See also United States Patent 4,571,428. 

A preferred process for the synthesis of the compounds 
of Formula LXVIII wherein R^^ is R^^^, particularly those not 
containing any -COORj^q groups, is disclosed in Reaction 
Scheme VII. 
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As is evident to those in the art, each compound of 
Formula I wherein Z is a group of Formula c (including those 
of Formulae XLVIII-LI, LIII, LIV, LVI-LVIX, LXII-LXVI, etc.) * 
and the pharraaceutically acceptable acid addition salts 
thereof, and Formulae XVII, XX and XXIII has a single icenter 
of asymmetry and, therefore, may be resolved into two optical-: 
ly active isomers, when a compound of Formula XVII or XXlil 
is converted into a compound of Formula XVIII or XXV, r^spec- 

♦ 

tively, an additional center of asymmetry is generated*. 
Consequently, when a racemic compound of Formula XVII :or XXIII 
is utilized, four . stereoisomers (two pairs of diastereo- 
isomers) of the resulting compound of Formula XVIII or XXV are 
formed, whereas when an optically pure compound of Formula 
XVII or XXIII is utilized, two diastereoisomers of the com- 
pound of Formula XVIII or XXV are formed* The center of 
asymmetry of each compound of Formulae LXVIII, LXXI, LXXII, 
LXXIV, etc, may be ignored since it is destroyed in Reaction 
CD. 

The compounds of Formula I wherein Z is a group of 
Formula a or b (including those of Formulae XII, XIV, XVIII, 
XXVII-XXXI, XXXIII-XXXVI, etc) the pharmaceutically accept- 
able acid addition salts thereof, and Formulae X, XI, XIII and 
XXV have two centers of asymmetry and, therefore, may exist in 
four stereoisoraeric forms. Except where the compound is 
formed from an optically pure precursor already having both 
chiral carbon atoms or where the reaction involves the use of 
a stereospecif ic reagent that gives an optically pure product, 
the compound is obtained as a mixture of two ( if formed from 
an optically pure compound having one center of asymmetry) or 
four (if formed from a racemic compound having one center of 
asymmetry) stereoisomers. 
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III 



The obtained mixtures of stereoisomers may be separate 
ed by conventional means. For. example, diastereoisomers imay 
be separated by fractional crystallization, column chromatog- 
raphy, preparative thin layer chromatography and HPLC. Each 
mixture of four stereoisomers of a compound of Formula XXXV 
may, for example, be separated by HPLC into its cis and trans 
(lactone) components, each of which is a racemate that may be 
•resolved into two optically active enantiomers. 

Techniques for separating a racemate into its two; 
optically active enantiomers are known. For example, a 
raceraic compound having a carboxylic acid group may be reacted 
with an optically pure organic base having at least one center, 
of asymmetry to form a mixture of diastereoisomerie salts that 
may be separated by fractional crystallization, column chroma- 
tography, etc. or it may be reacted with an optically pure 
alcohol having at least one center of asymmetry to form a mix-: 
ture of diastereoisomerie esters which may be separated by 
conventional techniques such as those set forth above or be- 
low. Likewise, a racemic compound having a carboxylic acid, 
acyl halide, ester or lactone group may be reacted with an 
optically pure organic base, i^, an amine, to form a mixture 
of diastereoisomerie amides that may be separated by 
conventional means, e.g., fractional crystallization, column, 
chromatography and/or HPLC. For example, a racemic lactone of 
Formula XXXV may be reacted with an excess of R-<+)-«-methyl- 
benzylaraine (or the corresponding s-(-) compound) to form a 
mixture of two diastereoisomerie a-roethylbenzylaraides which 
may be separated by, for example, column chromatography on a 
silica gel column and/or by HPLC using a Partisil column. 
Often it is desirable to utilize both techniques, i.e. . to 
partially separate the diastereoisomers by column 
chromatography and to purify each fraction by HPLC. 
Typically, the a-methylbenzylamides are synthesized by react- 
ing the racemic lactone with a large molar excess of the amine 
at 20*-25'C. for 16-24 hours. The reaction is run neat, with 
the excess amine serving as the solvent. After the reaction, 
the excess amine is removed by vacuum distillation at 25*-: 
35*c. After separation, each chiral amide may be hydrolyzed 
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to the cocresponding, for example, sodium,, salt by, for 
example, refluxing with 1.5-3, preferably 2-2.2, equivalents 
of a base such as sodium hydroxide for 5-25 hours in a mixture 
of water and ethanol. The resulting salts may be converted to 
the corresponding free acids, esters, lactones, and other salts 
by conventional means such as the reactions set forth in 
Reaction Scheme IV. On the other hand, a racemic compound 
having a hydroxy group may be esterif led with an optically 
pure carboxylic acid having at least one center of asymmetry 
to form a. mixture of diastereoisomerlc esters or it may be 
reacted with an optically pure trisubstituted silyl halide,: 
ei£i, (-)-o-naphthylphenylmethylchlorosilane (Sommer et al.v 
J. Am. Chem. Soc. 80, 3271 (1958).), to form a mixture of two 
diastereoisomerlc silyloxy compounds, which mixture may be 
separated by conventional techniques. For example, 
diastereoisomeric (-)-o-naphthylphenylmethylsilyl derivativfes 
of a lactone of Formula XXXV may be separated on a silica 
column having covalently bound L-phenylglycine. After separa- 
tion, the optically pure salts, amides, esters or silyloxy 
compounds are reconverted to the corresponding carboxy group- 
er hydroxy group-containing compounds with retention of .opti- 
cal purity. For example, the process conditions disclosed for 
Reactions B, D, F and H may be utilized to cleave (-)-o- 
naphthylphenylmethylsllyl and other silyl groups. The 
presence of one or more interfering groups may dictate which 
resolution procedure is preferred. 

Since any compound of Formula I wherein Z is a group 
of Formula a or c wherein Ri 4 is a cation other than H may. be 
converted into the corresponding compound. wherein R14 is 
hydrogen, H or Rig by the processes of Reaction Schemes IV and 
V, the compounds of Formula I wherein Z is a group of Formula 
a or c and R, 4 is a pharmaceutically unacceptable cation are 
also within the scope of this invention since they are useful 
as intermediates. However, such compounds are not compounds 
of Formula I as utilized in this application, except where 
indicated to the contrary. 
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The compounds of Formula I may thus be prepared by the 
following reactions; 

a) when X is (CH2) or (E)-CH=CH- and any R^^ is R^^, and Z is 
a group of Formula (a) wherein R^^^ hydrogen and R^'^ is 
R'j^g (=Cj^_2^^^y^' n-butyl, i-butyl> t~butyl or benzyl) 

reducing a compound of Formula XVII 

IinA-X--CH-CH^-C-CHo-COOR',£ XVII 
6 I 2 n 2 16 

OH O 

■ • 

wherein ImA, Xg and R'j^g have the above given meanings, 

b) when X is (CH«L or (E)-CH=CH- and Z is a group of formula a) wherein 

Is Ri3g^> ^14^^ and each R^^ is independently or , 
hydrolysing a compound of formula 

?13a 

ImA-Xg-CH-CHj-C- CHgCOORgg 
6 OH 



I 

^22 



wherein R^Sa' ^2 ' ^^lAr Xg and Rjj defined above, 

c) when R^^ is R^g, R^j is hydrogen and either X is -CH=CH- or -CHg-CH^H-, 

and Z is a group of Formula (b) having the 4R,6S configura- 
tion or X is -CHjCHj- or -CHjCHjCHj- and 2 is a group of 
Formula (b) having the 4R,6R configuration, disilylating 
a compound of formula Va 

SSi(CgH5)2-tC4Hg 



ImA-Xg 



wherein Xg is (i) CH=CH, CH2CH=CH or (ii) CH2CH2 or 



d) when R^^^ is Rj^g, X is CSjCHj/ CH2CH2CH2f CH=CH, CHaCH-CH2 
or CHj'-CH^CH- and Z is a group of Formula (a) wherein R^^ 
Is H'^g, disilylating a compound of Formula XI 
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IinA-X„-CH-CH. 



9 . - 

0 0 
CHr-Si-CgHg CgHe-Si-C^H 

1 I 



CCHj-COOR'^g 



6"5 



6"5 



tC^Hg 



wherein is (i) CU^CB^ or CH2CH2CH2 or (ii) CH=CH, 
CH=CH-CH2 or CH2-CH=CH and ImA, and R'j^g are as defined 
above ^ 

e) when Z is a group of formula (c) wherein Q Is -C-, R^^ Is rL, any . 
R^yis Rig. and X Is X7,. oxidising 0 

the corresponding compound o£ Formula I wherein Q is rCB- - 

OH ' 

(l,e» Z is a group of formula (a}}, 

f ) when Z ±5 a group of Formula (c) in ester form, wherein Q is 

W ' 
0 0 

^15 ^15 
any R^y is R^g and X is Xy, 

ketaHsing the corresponding compound of formula I wherein Q is 

0 



g) hydrolysing a compound of Formula I in liheform of an ester 
or a lactone or 

h) ester if ying or lactonising a compoiind of formula I in free 
acid form, and when a free carboxyl group is present, 
recovering the compound obtained in free acid form or in 
the form of a salt. 

It will readily be appreciated that the various forms 
of the compounds of Formula I may be interconverted as 
indicated in g) and h) above, whereby lactonlsatlon may only . 
take place when Q is -CH- and ketals cannot be isolated in free 

OH 

acid form or esterified. 

In the same way compounds obtained according to a) to 
f ) may be as appropriate hydrolysed to free acid forms and free 
acid forms may be esterified or lactonised to produce a desired 
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end-product. The invention thus also provides a process for 
preparing a compound of Eormula I which comprises hydrolysing 
a compound of Formula I in ester or lactone form or ^sterifying 
or lactonising a compound of Formula I in free acid form and 
when a free carboxyl group is present recovering the compound 
obtained in free acid form or in the form of a salt, : 

Reactions a) to h) and inter conversion may be performed, 
in conventional manner e.g. as described above in the reaption 
schemes • 

Also within the scope of this invention are the inter- 
mediates of Formulae II, V, VII, XI, XIII, XV, XVII, XX, 
XXIII, XXV, LXXXV and LXXXVI. The preferences for each 
variable are the same as those set forth for the compounds of 
Formula I, with the preferred groups of such compounds 
including those that correspond to Groups ( xxv)-( xxviii) , 
(xciii)-(xcvi) , (clxi)-(clxiv) and (ccxxix)-(ccxxxii) (for 
•Formulae V and VII) and Groups (i)-(xxiv), ( lxix)-( xcii) , 
(cxxxvii)-(clx) and (ccy)-(ccxxviii) for each of ther other 

* 

formulae) to the extent . consistent therewith. 

Besides having the utility set forth below, every 
compound of Formula I is useful as an intermediate in the 
synthesis of one or more other compounds of Formula I 
utilizing the reactions set forth in Reaction Schemes IV and 

V. 

The compounds of Formula I and the pharmaceutically 
acceptable acid addition salts thereof are competitive 
inhibitors of 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) 
reductase, the rate limiting enzyme in cholesterol bio- 
synthesis, and, therefore, they are inhibitors of cholesterol 
biosynthesis. Their biological activity may be demonstrated 
in the following two tests: 

Test A. Iq Vitro Microsomal Ass^y of HMG-CoA 
Reductase Inhibition: 

200 pi. aliquots (1.08-1.50 rag. /ml.) of rat liver 
microsomal suspensions, freshly prepared from male Sprague- 
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Dawley rats (150-225 g. body weight), in Buffer A with 
10 nunol* dithiothreitol are incubated with 10 pi. of a solu- 
tion of the test substance in dimethyl ace t amide and assayed 
for HMG-CoA reductase activity as described in Ackerman et 
al., J. Lipid Res, 18, 408-413 (1977), the concentration of . 
the test substance in the assay system being 0.0001-2,000 

praolar. In the assay .the microsomes are the source of the 
HMG-CoA reductase enzyme which catalyzes the reduction of 
HMG-CoA to mevalonate. The assay employs a chloroform 
extraction to separate the product, [^.^cjmevalonolactone, 
formed by the HMG-CoA reductase reduction of the substrate, 
[I^C] HMG-CoA. [^Hjmevalonolactone is added as an internal 
reference. Inhibition of HMG-CoA reductase is calculated from 
•the decrease in specific activity ( [^^q/Shj mevalonate) of test 
groups compared to controls. 

The IC50 is the concentration of the test substance in 
the assay system calculated or observed to produce a 50% 
inhibition of HMG-CoA reductase activity. 

Test B. In Vivo Cholesterol Biosynthesis Inhibition 

Test: 

In vivo studies utilize male Wistar Royal Hart rats 
weighing 150 ± 20 g. which have been kept for 7-10 days on an 
altered light cycle (6:30 A.M. - 6:30 P.M. dark) housed two 
per cage and fed powdered Purina Rat Chow and water ad 
libitum . Three hours before the diurnal maximum of 
cholesterol synthesis at mid-dark, the rats are administered 
orally the test substance ( e.g. , 0.001-200 rag. /kg. body 
weight) dissolved or as a suspension in 0.5% 
carboxymethylcellulose in a volume of 1 ml. /1 00 g. body 
weight. Controls receive vehicle alone. One hour after 
receiving the test substance (or . the vehicle alonej , the rats 
are injected intraperitoneally with about 25 gCi/100 g. body 
weight of sodium [l-'l^c] acetate 1-3 raCi/mmol. Two hours after 
mid-dark, blood samples are obtained under sodium hexobarbitol 
anesthesia, and the serum is separated -by centrifugat ion. 



wo 86/07054 



PCT/EP86/00297 



Serum samples are saponified and neutralized, and the 
3p-hydroxysterols are precipitated with digitonin basically; as 
described in Sperry et al,, J. Biol. Chem. 187 , 97 (19.50). . 
The [l*C]caigitonides are then counted by liquid scintillation 
spectrometry. After correcting for efficiencies, the results 
are calculated in nCi (nanocuries) of 3p-hydroxysterol formed 
per 100 ml. of serum. Inhibition of 3p-hydroxysterol 
synthesis is calculated from the reduction in the nCi of 3p- 
hydroxysterols formed from test groups compared to controls. 

The ED50 is the dose of the test substance calculated 
or observed to produce a 50% inhibition of 3p-hydroxysterol 
synthesis. 

Since they inhibit cholesterol biosynthesis, the 
compounds of Formula I and the pharmaceutically acceptable 
acid addition salts thereof (including those of each subgroup 
thereof) are useful for lowering the blood cholesterol level 
in animals, e.g. > mammals, especially larger primates, tn . 
particular humans, and, therefore, as hypolipoproteinemic and 
anti-atherosclerotic agents. 

The precise dosage of the compound of Formula I or the 
pharmaceutically acceptable acid addition salt thereof to be 
employed for inhibiting cholesterol biosynthesis depends, upon 
several factors including the host, the nature and the 
severity of the condition being treated, the mode of admin- 
istration and the particular active substance employed. 
However, in general, suitable oral daily dosages of the 
compounds of Formula I and the pharmaceutically acceptable 
acid addition salts thereof for the satisfactory inhibition or 
reduction of cholesterol biosynthesis ( i.e. , the satisfactory 
reduction of the blood cholesterol level and satisfactory 
treatment of hyperlipoproteinemia and atherosclerosis) are 
Indicated to be 0.002-100 mg./kg. body weight, e.g. , 0.002-10 
mg./kg. body weight for the more active compounds. For most 
larger primates such as humans, a suitable oral daiiy dosage 
is indicated to be 0.1-2,000 mg. , e.g. . 0.1-200 rag. for the 
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more active compounds. For administration by injection, a 
dosage somewhat lower than would be used for oral administra- 
tion of the same active substance to the same host haying the. 
same condition is usually employed. However, the above 
dosages are also typically used for i.v. adroinistratibn. 

The daily dosage may be administered in a single dose 
but more typically is administered in two to four equal 
portions, typical doses being 0.025-2,000 mg. Of ten, . a. small 
dosage is administered initially, and the dosage is gradually 
increased until the optimal dosage for the host under treat- ^ 
ment is determined. 

A typical dosage unit for oral administration may 
contain 0.025-500 mg. of a compound of Formula I or a . 
pharmaceutically acceptable acid addition salt thereof. 

The compounds of Formula I and the pharmaceutically 
acceptable acid addition salts thereof may be formulated into 
conventional pharmaceutical compositions and administered by 
any conventional mode of administration, in particular 
enterally, e,g> , in the form of capsules or tablets, or 
parenterally, e.g. , in the form of sterile injectable solu- 

* * 

tions or suspensions. The pharmaceutical compositions 
comprise a compound of Formula I or a pharmaceutically accept- 
able acid addition salt thereof and at least one pharmaceuti- 
cally acceptable solid or liquid carrier (or diluent). They 
may be formulated in conventional manner. The compounds and 
pharmaceutically acceptable acid addition salts of each 
subgroup thereof may likewise be formulated into such pharma- 
ceutical compositions and administered by such routes. 

The compounds of Formula I and the pharmaceutically 
acceptable acid addition salts thereof (including those of 
each subgroup thereof) may be formulated into such pharma- 
ceutical compositions containing an amount of the active sub- 
stance that is effective for inhibiting cholesterol bibsyn* 
thesis in unit dosage form and such compositions coitiprislng at 
least one solid pharmaceutically acceptable carrier. 
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The preferred compound of this invention, that of 
Example 2, exhibited an IC50 in Test A of 0.0026 pmolar and 
that of Example 10 exhibited an IC50 of 0.036 pmolar; in this; 
test whereas that of Corapactin was 0.94 yraolar and that of ; 
Mevinolin was 0.14 pmolar in this test. Other tested com- 
pounds of this invention exhibited ICsg's of 0.005->10 pmolar 
in this test. In Test B the compound of Example 2 exhibited 
an ED50 of 0.025 mg./kg. and that of Example 10 exhibited ah 
ED50 of 0.028 mg./kg. whereas that of Compact in was 3,5 
mg./kg. and that of Mevinolin was 0.41 mg./kg. Other tested 
compounds of this invention exhibited EDsq's of 0.045-0.26 
mg./kg. in this test. The daily dosage for the compound of 
Example 2 is, therefore, indicated to be 0.1-50 mg., e.g. , 

1-20 mg. , preferably 0.2-10 mg. , for most larger primates such 
as humans. The daily dosage for the compound of Example 10 
for most larger primates such as humans is indicated to be 
about 10% higher than that of Example 2. 

Representative formulations suitable for encapsulation 
in a hard gelatin capsule by conventional techniques are: 

A. Compound of Formula I, e.g. the compound of 

Example 2 5 mg. 

Corn starch , 244 mg. 

Magnesium stearate 1 mg. 

B. Compound of Formula I, e.g. , the compound of 

Example 2 . 1 mg. 

Corn Starch . . . • 248 mg. 

Magnesium Stearate ' 1 mg. 

The following examples show representative compounds 
encompassed by this invention and their synthesis. However, 
it should be understood that they are for purposes of 
illustration only. 
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Example 1 



Ethyi (±)-er2thro-(E)-3,5-dlhydcoxy-7-f1 •-(4--fluorophenyl)- 
4 • - ( 1 "-methylethyl )-2 • -phenyl- 1 H-i»ldazol-5 • -yl] hept-6-enoat.e 



Olg com 

CH-<^ CgHg-CO-Cl 
(CI) 



NaUtl 



^^^^^ (ClII) 




JEC1< 




Q^~0-CO-CKj 




NaOri 



CCVI) 




CuSOv 5H,0/ 




v-F (Cg; ♦ Nan 

7 



\ 
u 



<CVIII> 



2) Ald^iTde of Foxmaa. 
CVIII 




9«3 



K CHpOH 



DIBAL^H 




Mna 



(CXI) 
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1> 

2) a-BuLi 



d> Aldehyde of Foramla OCII 




1) . Cn-C^>3B + air 

2) NaBH^ 



3> CHgOrt 




CCXIV) 



r 



Step 1 (Reaction CA) 
N-Benzoyl-DIi-valine (Compound CI I) 

119 ml, (1.025 moles) of benzoyl chloride and 760 ml, 
of 2n, sodium hydroxide solution (1.52 moles) are simul- 
taneously added to a mixture of 100 g. (0.854 mole) of OL- 
valine, 200 ml. of dioxane and 350 ml. of 2N. sodium hydroxide 
solution (0.7 mole) stirred at 0*-5*C., the additions being at 
rates such that the pH of the reaction mixture is always basic 
and the temperature does not exceed 5*C.r the reaction being 
exothermic. The reaction mixture is allowed to warm to 20*- 
25'C., stirred at 20*-25'C. for 2 hours, cooled to O'C. and 
acidified with about 40 ml. of concentrated sulfuric acid. 
The precipitate is collected by filtration, washed with water, 
air dried for 16 hours and dissolved in ethyl acetate. The 
ethyl acetate solution is decanted from some residual water. 
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and petroleum ether is added to obtain a precipitate, the 
precipitate is subjected to high vacuum for 8 hours to remove 
some residual dioxane and obtain the product (165.81 g. 
(88%)), m.p. 125*-128*C. Lit.: 132'C. 
Revised proceduriat 

S.l kg. (36.28 moles) of benzoyl chloride is added 
portionwise to a mixture of 3.5 leg. (29.88 moles) of DL- 
•valine, 39.0 1, of 2N. sodium hydroxide solution (78 moles) 
and 7 1. of tetrahydrof uran stirred at -uio'c. at a rate such 
that the temperature is maintained at 10*-15*c., and. the 
reaction mixture is warmed to 'viO'C.. and stirred at '»'20'c. for 
3 hours, the reaction mixture being stirred under nitrogbn 
throughout. 1.4 1. of concentrated sulfuric acid is carefully . 
added at a rate such that the temperature does not exceed 
25*C., and the mixture is cooled to 'u5*-lO*c. and stirred at 
this temperature for about 30 minutes to obtain a solid. (If 
necessary, the mixture is seeded. ) The resulting solid is 
collected by filtration, washed three times with. 20 I. 
portions of hot water, washed three times with 20 I. portions 
of hexane and dried at 40 'C. and reduced pressure for M2 
hours to obtain the product (6.4 kg.), m.p. 123'-126*C. 

Step 2 (Reaction CB> 

(±)-N-I1-(l •-methylethyl)-2-oxopropylJbenzamide (Compound 
CIII) 

7.4 g. (60.6 mmoles, a catalytic amount) of 
4-dimethylarainopyridine is added in two portions to a mixture 
of 134 g. (0.606 mole) of Compound CII, 172 ml. (185.6 g., 
1.818 moles) of acetic anhydride and 169 ml. (122.6 g. , 1.212 
moles) of triethylamine stirred at 20'-25'c. under nitrogen, 
and the reaction mixture is stirred at 20'-25'C. under 
nitrogen for 16 hours, cooled to 0*-5'C. and quenched with 350 
ml. of methanol. The mixture is poured into 2 .1. of ice- 
water, and the precipitated solid is collected by filtration, 
washed with about 4 1. of water and allowed to air dry for 16 
hours. The resulting brown powder is recrystallized from 
diethyl ether, and the obtained tan needles are recrystallized 
from diethyl ether to obtain the product (58.8J,g. ) m.p.; 
89.5'-91 .5'C. A second crop may be obtained from the combined 
mother liquors. 
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Revised procedure: 

402 g. (1.82 moles) of Compound CII is added rapidly 
to 558.3 g. (5.45 moles) of acetic anhydride stirred at 23*- 
25 'C, 368 g. (3.64 moles) of triethylaraine is added over a 6 
minute period with stirring, the addition being slightly 
exothermic, the reaction mixture is cooled to 25''C., 22. 2 . g. 
(0.18 mole) of 4-diroethylaminopyridine is added over a period 
of 3 minutes with stirring at 25*c., the reaction mixture is 
stirred at 25*-28*C. for 2 hours with cooling because the 
reaction is exothermic, and the reaction mixture is stirred at 
22'C. for 16 hours, the reaction mixture being stirred under 
nitrogen throughout. The reaction mixture is slowly added to 
a mixture of 3 1. of water and 3 1. of toluene stirred at 
20*-25*C. at a rate such that the temperature does not exceed 
28 "C. The reaction vessel is rinsed with 100 ml. of toluene, 
and the rinse is combined with the quenched reaction mixture. 
The organic layer is separated, washed three times with 500 
ml. portions of water and filtered through 100 g. of Celite 
filter aid. The Celite is washed three times with 100 ml. 
portions of toluencr and the washings are combined with the 
filtrate. Toluene is distilled at 45'C. and 20-50 mm. Hg . 
until a thick stirrable slurry results, 250 ml. of toluene is 
added, the mixture is heated at 60 'C. to obtain a solution, 
and the- solution is cooled to 4'c. to obtain a yellow solid. 
The yellow solid is collected by filtration, washed with a 
cold (5*C.) mixture of 250 ml. of toluene and 250 ml. of 
heptane, washed with 300 ml. of cold (5'C.) heptane and vacuum 
dried for 16 hours at 47'C. to obtain the product (294.3 g. 
(73.9%)), m.p. 90'-92'C. 

Step 3 (Reaction CO 

( ± ) -N- [2- ( 4 ' -Pluorophenyl ) imino- 1 - ( 1 • -me thylethyl ) propyl] - 
benzamid.e (Compound CIV) 

A mixture of 72.91 g, (332.5 mmoles) of Compound CIII, 
35 ml. (40.63 g., 365.7 mmoles) of 4-f luoroaniline^ a 
catalytic amount (50 mg.) of £-toluenesulfonic acid mono- 
hydrate and 500 ml. of dry toluene (dried over alumina) is re- 
fluxed in. a Dean-Stark apparatus for 16 hours under nitrogen, 
the reaction mixture Is allowed to cool, and the toluene Is 
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evaporated at reduced pressure to obtain the etude product as 
a black oil. 
Revised procedure: 

A mixture of 500 (2.28 moles) of Compound CIIl/ 280 
g, (2.52 moles) of 4-fluoroaniline, 2.5 g. (0.013 mole); of 
2-toluenesulfonic acid monohydrate and 5 1. of toluene is re- 
fluxed in a Dean-Star)c apparatus for 20 hours under nitrogen, 
•and the reaction mixture is cooled to -10*C. to obtain a cold : 
solution of the crude product. 

« 

Step 4 (Reaction CD) 

l-{4 •-pluorophenyl)-5-methyl-4-{ 1 '-methylethyl)-2-phenyl-lH- 
imidazole (Compound CV) 

A solution of crude Compound CIV from Step 3, initial 
procedure (332.5 mmoles assuming 100% yield) in 250 ml. of 
chloroform is added dropwise to a suspension of 138.5 g. (665 
mmoles) of phosphorus pentachloride in 500 ml. of chloroform : 

stirred at -20* 15 "C. under nitrogen. The reaction mixture 

is allowed to warm to 20*-25'C. with stirring and stirred at 
20'-25*C. for 16 hours, the reaction mixture being maintained 
under nitrogen throughout. The reaction mixture is quenched 
with 50a ml. of water and made basic with 10% sodium hydroxide 
solution. The organic phase is separated, washed twice with 
saturated sodium chloride solution, dried over anhydrous mag- 
nesium sulfate, filtered and concentrated at reduced 
pressure. The obtained pale green solid is recrystallized 
from acetone to obtain the product as white needles 
(54.83 g.), m.p. 145'-148'C. A 10.83 g. second crop may be 
obtained from the acetone mother liquor. 
Revised procedure: 

The cold (-lO'C.) solution of crude compound CIV from 
Step 3, revised procedure (2.28 moles assuming 100% yield) is 
diluted with 4 1. of methylene chloride, the dilution being 
slightly exothermic. 950 g. (4.56 moles) of phosphorus 
pentachloride is slowly added to the solution stirred at O'C. 
at a rate such that the temperature does not exceed 20*-36'C. , 
the addition being exothermic, and the reaction mixture is 
heated to reflux, refluxed for 2.5 hours and cooled 
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to -15'Cw the reaction mixture being stirred under nitrogen 
throughout. The reaction mixture is slowly poured into a mix- 
ture of 8 kg. of ice and 1.83 kg. of 50% sodium hydroxide 
solution, the temperature of the mixture not being allowed to i 
exceed 30 'C, The organic layer is separated and washed with 8. 
1. of water. The bottom organic layer is separated and 
filtered, the solvent is distilled at 60*C. and 30-50 mm. Hg 
•to obtain a thick heterogeneous mixture, and 750 ml, of ' 
acetone is added at 60 •c. The mixture is cooled to 0*C. and 
maintained at 0*C. for 30 minutes. The resulting off-white 
solid is collected by filtration, washed three times with 150. 
ml. portions of cold (lO'C.) acetone and vacuum dried at 
50 C. to obtain the product (425 g. (64% (Steps 3 and 4 : 
combined))), ra.p. 146.5'-148.5*C. 

Step 5 (Reaction CE) 

5-Acetoxymethyl-1-(4'-fluorophenyl)-4-(l '-methylethyl)-2-: 
phenyl- 1H- imidazole (Compound CVI) 

A mixture of 21.75 g. (73.9 mmoles) of Compound CV, 
65.5 g, (148 mmoles) of lead tetraacetate, 0.05 g. (0.21 
mmole) of benzoyl peroxide and 500 ml, of glacial acetic acid 
is heated at 80 •c. for 16 hours under nitrogen, cooled to 0*- 
5'C. and made basic (pH 8-9) with ION. sodium hydroxide solu- 
tion. The resulting suspension is filtered through a pad of 
Celite, the Celite is washed with water and ethyl acetate 
successively, and the washings are combined with the initial 
filtrate. The organic phase is separated,, and the aqueous 
phase is extracted with ethyl acetate. The organic phases are 
combined, washed twice with saturated sodium chloride solu- 
tion, dried over anhydrous magnesium sulfate, filtered and 
evaporated at reduced pressure to obtain the crude product as 
a dark brown foam (22.94 g.). 

Step 6 (Reaction CF) 

1 - ( 4 • -F 1 uorophenyl ) -4- ( 1 • -methy le thy 1 ) -2 • -phenyl- 1 H- imidazole- 
5 -methanol (Compound CVI I) 

100 ml. of 10% sodium hydroxide solution is added to a 
solution of 22.94 g. (<65.1 mmoles) of crude Compound CVI from 
Step 5 in absolute ethanol, and the resulting reaction mixture 
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is stirred at 20*-25*C, under nitrogen for 4 hours. The 
ethanol is evaporated at reduced pressure, and the resulting 
yellow paste is partitioned between ethyl acetate arid water. 
The ethyl acetate phase is separated, and the aqueous phase is 
extracted twice with ethyl acetate. The three ethyl acetate 
phases are combined^ washed twice with saturated sodium ' 
chloride solution r dried over anhydrous magnesium sulfate, 
'filtered and concentrated at reduced pressure to a vlolume of . 
about 200 ml. Petroleum ether is added to precipitate the 
product as a tan powder (11.54 g.). An analytical sample is 
recrystallized from ethyl acetate. M,p. 183'-186*'C\ 

Step 7 (Reaction CG) 

1 - ( 4 ' -P luorophenyl ) -4- ( 1 ' -raethyle thyl ) -2-pheny 1- 1 H-imidazole- 
5-carboxaldehyde (Compound CVIII) 

13.45 g. (43.3 mmoles) of Compound CVII is dissolved 
in 650 ml. of toluene with heating, 53.8 g. (619 mmoles) of .■ 
activated manganese dioxide is added, and the reaction mixture 
is refluxed under nitrogen for 16 hours with stirring, cooled 
to 20''-25**C. and filtered through a pad of Celite. The Celite 
is washed with ethyl acetate, and the filtrate and ethyl 
acetate washings are combined and evaporated at reduced 
pressure to a tan solid. The tan solid is recrystallized from 
diethyl ether to obtain the product (5.12 g.). A second crop 
is obtained from the mother liquor by adding hexane. M.p. 

iss'-ierc. 

Step 5A (Reaction CN) 

1 - ( 4 ' -F 1 uorophenyl ) -4- ( 1 • -methy lethy 1 ) -2'phenyl- 1 H- imidazole- 
5-carboxaldehyde (Compound CVIII) 

A mixture of 5 1, of acetonitrile, 3 1. of water, 736 
g. (2.72 moles) of potassium persulfate and 170 g. ((1.68 mole) 
of copper (II) sulfate pentahydrate is heated at 65 ''C, 200 
g. (0.68 mole) of Compound CV is added over a period of 8 
minutes (the addition being slightly exothermic), and the 
reaction mixture is slowly heated to 75*-77*C., maintained at 
75*-*77**C. for 38 minutes and immediately cooled to 23*0., the 
reaction mixture being stirred under nitrogen throughout. The 
reaction solution is decanted, the solids in the reaction 
vessel are washed four tiroes, with 1 1. portions of methylene 
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-...wt.uc, ana cne methylene chloride washings are combined 
with the decanted reaction solution. The aqueous layer is 
separated, and the organic layer is washed with 2 1. of 
water. The organic (bottom) layer is separated, and the 
solvent is distilled at a maximum external temperature. of 55'- 
60 c. and 20-30 mm. Hg until a thick stirrable mixture^ 
results. 500 ml. of methylene chloride is added, and the • 
•mixture is heated at .35'c. for 5 minutes, cooled to 25-C, and 
filtered. The filter cake is washed twice with 50 ml. por- 
tions of methylene chloride. The methylene chloride washings 
are combined with the filtrate, and as much of the methylene ' 
chloride as possible is distilled at 30--45-C. and 20-30 mm/ 
Hg until a thick stirrable slurry results. 1.5 1. of hexane 
is added, and the mixture is distilled at atmospheric 
pressure, the vapor temperature rising from 56 'c. to 67-C as 
the acetonitrile is azeotroped. The atmospheric distillation 
is continued for 'vS minutes after the vapor temperature rises 
to 67 c. to ensure. complete removal of the acetonitrile, and 
as much of the remaining solvent as possible is distilled at 
'^50 C. and 20-30 mm. Hg. The resulting thick stirrable 

mixture is cooled to 30 'c i i •. ^ j, 

' ^' of <3ry tetrahydrofuran and 
100 g. Of aluminum oxide (90 activity) are added, and the 
mixture is stirred for 15 minutes and filtered. The filter 
cake Is washed three times with 200 ml. portions of dry 
tetrahydrofuran, and the washing are combined with the initial 
filtrate to obtain a solution of about 192 g. of crude ' 
compound CVIII l„ i.g i. of tetrahydrofuran which solution may 
be utilized in Part (b) of either the initial procedure or the 
revised procedure of step 8. 

Step 8 (Reaction CK) 

Ethyl <E)-3-(l'-(4--fluorophenyl)-4'-(l"-methylethyl)-2'- ■ 
phenyl- lH-iraidazol-5'-yl]propenoate (Compound CX) 

(a) 1.8 g. of 60% sodium hydride/mineral oil (45.0 
mmoles) Is washed twice with hexane, the sodium hydride is 
suspended In 50 ml. of dry tetrahydrofuran (distilled from 
ketyl), the suspension Is stirred at 20'-25'C., 1 ml. of 
trlethyl phosphonoacetate (Compound CIX). Is added, the reac- 
tion mixture is cooled to -20-- -15'C. with stirring. 
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7.6 ml. of Compound CIX Is added dropwise with stirring at 

•20' 15'C. (the total amount of Compound CIX being 8.6 ml. 

(9.6 g., 42.84 mmoles)), and the reaction mixture is stir^red 

at -20* 15'C. for 1 hour to obtain a solution of the ylide, 

the reaction mixture being stirred under nitrogen throughout. 

(b) A solution of 11.0 g. (35.7 nmoles) of Compound 
CVIII in 100 ml. of dry tetrahydrofuran (distilled from ketyl) 
is added dropwise to the ylide solution of Part (a) of this 
step stirred at -20*- -IS^C.r the reaction mixture is allowed 
to warm to 20*-25*C. with stirring, an additional 150 ml. of 
dry tetrahydrofuran (distilled from ketyl) is added to dis- 
solve the solids, and the reaction mixture is stirred at 
20*-25*C» for 16 hours, the reaction mixture being maintained 
under nitrogen throughout. The reaction mixture is poured 
into water, diethyl ether, ethyl acetate and chloroform are 
successively added to dissolve all of the solids, the organic 
phase is separated, the aqueous phase is extracted with', 
chloroform, and the organic phases are combined, washed twice 
with saturated sodium chloride solution, dried over anhydrous 
magnesium sulfate, filtered and evaporated at reduced pressure 
to obtain the product as a pale yellow powder (13.78 g.).f An 
analytical sample is recrystallized from methylene chloride/ 
n-hexane. M.p. 187°-189'C. 
• Revised procedure: 

(a) A solution of 76.8 ml. (396«3 mmoles) of Compound 
CIX in 50 ml. of dry tetrahydrofuran is added over a period of 
1 hour to a mixture of 16.7 g. of 60% sodium hydride/mineral 
oil (417.5 mmoles) and 500 ml. of dry tetrahydrof iiran (dried 
over 4&. molecular sieves) stirred at -5*-0"c«, and the 
reaction mixture is stirred at -S'-O^'C. for 1 hour, the 
reaction mixture being stirred under nitrogen throughout. 

(b) The ylide solution from Part (a) is cooled to 
-5"C., a solution of 101,8 g. (330.0 mmoles) of Compound CVIII 
in 750 ml. of dry tetrahydrofuran is added rapidly over a; 20 
minute period with stirring at -S'^-O'c, and the reaction 
mixture is allowed to warm to 20*-25*C. over a period of about 
1 hour with stirring and stirred at 20'-25*C. for 2 hours, the 
reaction mixture being maintained under* nitrogen throughout. 
The reaction mixture is poured into a mixture of KO 1, of 
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saturated ammonium chloride solution and UO 1. of methylene 
chloride, the reaction flask is washed with 200 ml. of water 
and 500 ml. of methylene chloride successively, and the 
washings are combined with the quenched reaction mixture. The 
organic (lower) phase is separated, the aqueous phase is 
extracted with 500 ml. of methylene chloride, and the 
methylene chloride extract is combined with the aforementioned 
organic phase. The combined organic solution is washed^ with; 
500 ml. of saturated sodium chloride solution, dried over 
anhydrous sodium sulfate, filtered and evaporated to a thick 
white slurry at 50 'C. and reduced pressure. 300 ml. of' 
acetone is added, and the mixture is similarly evaporated to a 
thick white slurry. 250 ml. of acetone and 150 ml. of ■ 
n-heptane are added, the mixture is cooled, and the product is 
collected by suction filtration and vacuum dried (98.1 g.), 
ra.p, .189'-190'C. A less pure second crop is obtained by 
evaporating the mother liquor at reduced pressure to about 50% 
of its original volume, cooling, collecting the precipitate by 
suction filtration and vacuum drying the precipitate (23.4 
g.), m.p. 185*-187'C. 

Step 9 (Reaction CD- 

3- [ 1 • - ( 4 1 uorophenyl ) -4 • - ( 1 "-me thy le thy 1 ) -2 ' -phenyl- 1 H- 
imidazol-5'-yl]prop-2-en-l-ol (Compound CXI) 

95.2 ml. of 1.5m. diisobutylalurainum hydride/ toluene 
(142.8 mraoles) is added dropwise to a solution of 13.78 g. 
(36.4 mraoles) of Compound CX in 350 ml. of dry tetrahydrof uran 
(distilled from ketyl) stirred at O'C. under nitrogen, and the 
reaction mixture is stirred at O'c. under nitrogen for 45 
minutes and quenched at 0*C. with saturated sodium sulfate 
solution. Sufficient 10% hydrochloric acid is added to dis- 
solve the gel, and the resulting two phase mixture is extract- 
ed twice with diethyl ether. The organic phases are combined, 
washed twice with saturated sodium chloride solution, dried 
over anhydrous magnesium sulfate, filtered and evaporated to 
dryness at reduced pressure to obtain the crude product as, a , - 
pale yellow solid (11.42 g.). A previous batch melted at 
190'-193'C. (dec.) 
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Kevised procedure: 

1,268 1. of KOM. diisobutylaluminum hydride/hexane 
(1.268 moles) is added to a suspension of 120 g. (317.04^ 
nunoles) of Compound CX in 1.0 1. of dry tetrahydrof uran (dried 
over 4^. molecular sieves) stirred at -8'c. at a rate such 
that the temperature of the reaction mixture does not exceed 
0*c., and the resulting nearly clear yellow solution is stirr- 
ed for 2.5 hours while being allowed to gradually warm to 
25*Cm, the reaction mixture being stirred under nitrogen 
throughout* The reaction mixture is carefully poured, into a 
mixture of 2.0 1. of saturated ammonium chloride solution, 500 
ml. of concentrated hydrochloric acid and 2.5 kg. of ice, 1.0 
1. of methylene chloride is added, sufficient 10% hydrochloric 
acid is added to dissolve any aluminum salts (if necessary), 
the organic phase is separated, and the aqueous phase is ex- 
tracted three times with 1 1. portions of methylene chloride. 
The methylene chloride extracts are combined with the aforer 
mentioned organic phase, and the combined organic solution is 
washed with 1 1. of saturated sodium chloride solution, dried 
over anhydrous sodium sulfate, filtered and concentrated at 
50 'C. and reduced pressure to a thick slurry. 500 ml. of n- 
heptane is added, the mixture is cooled to Q^'C, and the 
resulting solids are collected by suction filtration, washed 
twice with 200 ml. portions of. heptane and vacuum dried to 
constant weight (2 hours) at 40 'c. to obtain the crude product 
as a very pale yellow powder (85.4 g.), m.p. 153'-160'C. ; 
(dec.) A second crop is obtained by concentrating the mother 
liquor at reduced pressure to about 50% of its original 
volume, cooling and collecting and air drying the resulting 
solid (1.4 g.). 

Step 10 (Reaction CM) 

(E)-3-[1'-(4"-Fl uoropheny 1 ) -4 • - ( 1 "-methy le thy 1 ) -2 • -phenyl- 1 H- 
imidazol-5'-yl]prop-2-enai (Compound CXII) 

11.4 g. (33.9 mmoles) of Compound CXI is dissolved in 
250 ml. of dry tetrahydrof uran (distilled from ketyl), 
29.5 g. (339 mmoles) of activated manganese dioxide is added, 
the reaction mixture is strirred at 20'-25*C. for about 3: 
hours, an additional 29.5 g. (339 mmoles) of activated 
manganese dioxide is added, and the reaction" mixture is 
stirred at 20'-25'C. for 16 hours and filtered through a pad 
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of Celite. The Celite is washed with ethyl acetate, the 
washing is combined with the filtrate, and the combined 
solution is evaporated to dryness at reduced pressure to 
obtain a yellow solid (10.03 g.). The yellow solid is 
crystallized from ethyl acetate/hexane to obtain an orange : 
solid (6.74 g,) which is recrystallized from ethyl acetate to 
obtain the product as a yellow powder (4.29 g.). The mother 
liquors from the two crystallizations are combined, evaporated 
to dryness at reduced pressure and flash chromatographed on 
300 g, of 230-400 mesh A,S,T,M» silica gel utilizing 30% ; . 
diethyl ether/hexane as the eluant. The fractions containing, 
the product are combined and evaporated to dryness at reduced 
pressure, and the residue is recrystallized from ethyl 
acetate/hexane to obtain additional product (3,72 g.). A 
previous batch melted at 163°-166'c. 
Revised procedure; 

400 g. {4.6 moles) of activated manganese dioxide is 
added in one portion to a suspension of 85 g. (252.7 mmoles) 
of compound CXI in UO 1. of dry tetrahydrof uran (dried over 
4A. molecular sieves) stirred at 20'-25'C,, the addition being 
slightly exothermic, and the reaction mixture is stirred at 
20 'C. under nitrogen for 17 hours and suction filtered through 
a 2.54 cm. pad of 70-230 mesh A.S.T.M. silica gel topped with 
a 7.62 cm. pad of Celite filter aid. The pads are washed with" 
three 500 ml. portions of tetrahydrof uran, and the combined 
filtrate and washings are concentrated at 50 "C. and reduced 
pressure to a volume of 150-200 ml. 500 ml. of n-heptane is 
added, the mixture is cooled to 0*C., and the resulting solids 
are collected by suction filtration, washed twice with 
n-heptane and vacuum dried at 45 •c. to obtain the crude 
product as a pale yellow solid (54.0 g.). 

Step 11 (Reaction I) 

Ethyl (±)-(E)-7-[r-'(4 f luorophenyl ) -4 ' - ( 1 "-methylethyl ) - 

2 •-phenyl-lH-imidazol-5 '-yl] -5-hydroxy-3-oxohept-6-enoate 
(Compound CXI II) 

1.54 g. of 60% sodium hydride/mineral oil (38.5 
mmoles) is washed twice with hexane, the remaining powdered 
sodium hydride is suspended in 100 ml. of dry tetrahydrof uran. 
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the suspension is cooled to -20*- -15*C., 4.55 g. (35.0 
mmoles) of ethyl acetoacetate is added dropwise with stirring, 
at -20' 15*C., the reaction mixture is stirred at -20*- 
-15'c. for 30 minutes, 23.0 ml. of 1 .6M. n-butyllithWhexane 
(36.75 mmoles) is added dropwise with stirring at -20*- 

-15*c., the reaction mixture is stirred at -20' 15*c. for 10 

minutes, asolution of 5.857 g. (77.5 mmoles) of Compound CXII 
•in 100 ml. of dry tetrahydrofuran is added dropwise with 
stirring at -20'- -is-c, and the reaction mixture is stirred 
at -20*- -15'C. for 30 minutes, the reaction mixture being 
maintained under dry argon throughout. The teaction mixture 
is quenched at -20'- -IS'C. with saturated ammonium chloride 
solution and warmed to 20*-25'C., the tetrahydrofuran! is . 
evaporated at reduced pressure, and the residue is partitioned 
between water and diethyl ether. The aqueous phase is 
reextraeted with diethyl ether, and the diethyl ether phases 
are combined, washed twice with saturated sodium chloride 
solution, dried over anhydrous magnesium sulfate, filtered and 
evaporated at reduced pressure to a yellow foam. The foam is 
flash chromatographed on 350 g. of 230-400 mesh A.S.T.M. 
silica gel utilizing 70% diethyl ether/hexane as the eluant to 
obtain the product as a yellow solid (7.91 g,). 

The product is a raceraate that may be resolved by 
conventional means to obtain the 5R and 5S enantiomers. 

Step 12 (Reaction J) 

Ethyl (±)-er£thro-(E)-3,5-dihydroxy-7-[1 •-(4"-f luorophenyl)- 

4 • - ( 1 "-raethylethyl )-2 • -phenyl- lH-imidazol-5 • -yl] hept-6- 
enoate (Compound CXIV) 

(a) 34 ml. of 1 .OH. tri-n-butylborane/tetrahydrofuran 
(34.0 mmoles) is added rapidly dropwise to a solution of 7.91 
g. (17.0 mmoles) of Compound cxiii in 100 ml. of dry tetra- 
hydrofuran (distilled from ketyl) stirred at 20'-25-c. under, 
nitrogen, air is bubbled in for 1 minute, the reaction mixture 
is stirred at 20»-25«C. under nitrogen for 1 hour and cooled 
to -78*c., 3.22 g. (85.0 mmoles) of sodium borohydride is 
added in one portion, the reaction mixture is stirred at i 
-78'c. under nitrogen for 16 hours, an additional 3.22 g. ■ 
(85.0 mmoles) of sodium borohydride is added in one portion. 
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and the reaction mixture is stirred at -78 •c. under nitrogen 
for 64 hours, warmed to -25*C,r stirred at -25*C* under, 
nitrogen for 16 hours r quenched with 10% hydrochloric acid and 
partitioned between diethyl ether and water. The aqueous 
phase is neutralized with saturated sodium bicarbonate : 
solution and extracted with diethyl ether. The two diethyl . 
ether phases are combined, washed twice with saturated sodiuip 
chloride solution, dried over anhydrous magnesium sulfate, 
filtered and evaporated at reduced pressure to a yellow wax 
(1U79 g.). The yellow wax is recrystallized from isopropanbl 
to obtain a white powder (2.61 g.) which is recrystallized 
from isopropanol to obtain the cyclic boron ester as a white. 

powder (1 .83 g. } . 

(b) 4.0 g. of the cyclic boron ester of Part (a) of 
this st.ep is dissolved in methanol with warming (35V40*C.) 
and the methanol is evaporated at reduced pressure and 
35*-40*C., this procedure is repeated two more times, the 
residue is dissolved in warm methylene chloride, and hexane is 
added to obtain the product as a white solid (2.93 g.). A 
second crop may be obtained from the mother liquor. M.p. 
149'-15rc. 

N.M.R. (CDCI3): 1.26 (t, 3H), 1.36 (d, 6H), 1.61 (m, 2H), 

2.45 (d, 2H), 3.13 (m, IH), 3.23 (d,.lH)r 
3.30 (d, IH), 4.16 (q, 2H), 4.19 (bm, 1H), 
4.36 (bm, IH), 5.50 (dd, IH), 6.19 (dd, TH) , 
7.0-7.37 (m, 9H) 
The product, the ervthro racemate, may be resolved to 
obtain the 3R,5S and 35, 5R enantiomers, of. which the former is 
preferred. The use of a non-stereoselective reduction would 
afford a mixture of all four stereoisomers wherein the ratio 
of the ervthro stereoisomers to the threo stereoisomers^ ranges 
from 3:2 to 2:3. A mixture of the ervthro and threo racemates 
wherein the ratio of the former to the latter is about 7;3 may 
be obtained by omitting the isopropanol recrystallizations 
from Part (a) of this step. 



- 75 - 



wo 86/07054 



PCT/EP86/00297 



Example 2 

sodium (*)-er2thro-(E)-3,5-dihydroxy-7-(1 »-(4"-f Xuorophenyl j- 
4 • - ( 1 "-methylethyl )-2 ' -phenyl- 1 H-imidazol-5 ' -y 1] hept-6-enoate 
(Reaction AA) 




« 

6,2 ml. of IN, sodium hydroxide solution (6.2 nunoles) 
is added dropwlse to a solution o£ 3.0 g, (6.52 mrooles) o£ 
Compound CXIV in 125 ml. of absolute ethanol stirred at 
20*-25*C., the reaction mixture is stirred at 20'-25*C. for 2 
hours and evaporated at reduced pressure to dryness, the 
residue is partitioned between water and methylene chloride f 
sufficient water is added to break the resulting emulsion^ the 
aqueous layer is carefully separated, most of the water is 
evaporated at reduced pressure, and the resulting slurry is 
frozen at -78*C. and lyophilized to obtain the product as a 
pale yellow powder (3.02 g. ) , m.p. 217*-224*C. (dec.) (softens 
and loses water at 100*-116*C.) 

N.M.R. (CDCI3 * CD3SOCD3): 1.32 (d, .6H), 1.53 (m, 2H), 2.30 

(m, 2H), 3.13 (m, IE), 4.08 (bm, 
1H), 4.24 (bm, 1H), 5.50 (dd, IB), 
6.18 (dd, 1H), 7.0-7.3 (m, 9H) 
The product, the erythro racemate, may be resolved to 
obtain the 3R,5S and 3S,5R enantiomers, of which the former is 
preferred. The use of a starting material synthesized by 
using a non-stereoselective reduction in Step 12 of Example 1 



76 - 



wo 86/07054 



PCT/EP86/00297 



would afford a mixture of all four stereoisomers wherein the 
ratio of the erythro stereoisomers to the threo stereoisomers 
ranges from 3:2 to 2:3* 

Example 3 



Ethyl ( * ) -erythro - ( E ) -3 , 5 ihvdrox v7-- [ 4 ' - ( 4 " - f 1 uorophenvl ) - 
1 "-methylethyl)-2*-phenyl-1H-imidazol-5'-yl)hept-6-enoate 
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Step 1 (Reaction DH) 

DL-4-Fluorophenylglycine (Compound CXIX) 

800 ml. of saturated ananbnium hydroxide solution is 
slowly added to 67.6 g. (1.59 moles) o£ lithium chloride, 
268.8 g. (4.79 moles) of potassium hydroxide is slowly added 
portionwise (the addition being exothermic), and a solution of 
18.4 g. (0,81 mole) of benzyltriethylammonium chloride in 400 
ml. of methylene chloride is added, the reaction mixture being 
stirred at 20''"-25*'C. under nitrogen throughout. The reaction 
mixture is cooled to 0*0*, ammonia is bubbled in for 30 
minutes with vigorous stirring, and, over a period of 1 hour, 
a solution of 99.2 g. (0.80 mole) of 4<-fluorobenz aldehyde in a 
mixture of 400 ml. of methylene chloride and 102 ml. of 
chloroform is added dropwise while simultaneously bubbling in 
ammonia, the reaction mixture being stirred at 0"C. through- 
out. Ammonia is bubbled in for 5 hours with stirring at O^^c, 
and the reaction mixture is allowed to warm to 20*-25*C. and 
stirred at 20 -25*^0. for 16 hours. The aqueous phase is 
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separated, washed three times with 150 ml. portions of 
methylene chloride, concentrated to one half of its volume at 
reduced pressure and filtered. The filtrate is acidified to . 

fL!'L' .r"'?'"'"' »'y<^-c»»loric acid, and the resulting 
fine precipitate is collected by filtration, washed with 1.5 
1. °f «ater, washed with 500 ml. of ethanol, washed with 200 

Ts"::e:er:t"L:;^.o^cr^^^^ -^^^^^ ^ 

Step 2 (Reaction CA) 

N-Benzoyl-DL-4-fluorophenylglycine (Compound CXX) 

A solution Of 23.2 ml. (28.1 g., 200 mmoles) of 

benzoyl Chloride in 70 ml. Of dioxane and 500 ml. Of 2N. 
sodium hydroxide solution (1 mole) are simultaneously added 
dropwise over a period of about 45 minutes to a solution of 
25.35 g( 150 mmoles) of compound CXIX in a mixture of 300 
roj-. of dioxane and 600 ml af •>« -^^j , 

, - , " 2N. sodium hydroxide solution 

blina"!. nitrogen, the additions 

beang at rates such that the pH of the reaction mixture is 

exoTrmr:'' T "'C., the reaction being 

exothermic. The reaction mixture is stirred at O'C. under 
nitrogen for 1 hour and warmed to 20--25-C., the tetcahydro- 

acidi. /r''°"''' "i'^ture is 

cooLd r 0-/" ' -""ntrated hydrochloric acid and 

cooled to 0 c. The obtained white solid is collected by 
filtration, washed with 2 1. of distilled water, air dried and 
vacuum dried to obtain the product as a white pJe. 
ethlLi; . «"«lytical sample is recrystallized from 

Step 3 (Reaction CB) 

CXXlT ^ ' ' ^ ' ' ' -2-oxopropy 1] benzamide ( Compound 

50 ml. (618 mmoles) of pyridine and 50 ml. (530 
mmoles) of acetic anhydride are added to 30 g. (no mmoles, of 
compound CXX, the mixture is stirred at 20..25-C., 100 mg 
(0.82 mmole) of 4.dimethylaminopyridine is added, the reaction 
mxxture is stirred at 20--25-C. for 45 minutes, 50 ml 
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(2.62 nunoles) o£ glacial acetic acid is added, and the reac- 
tion mixture is stirred at 130'C. for 3 hours and cooled to 
20'-25''c., the reaction mixture being maintained under 
nitrogen throughout. The reaction mixture is cooled to 0 
5*C., 100 ml. of methanol is added, and the reaction mixture 
is stirred at 0'-5*C. for 30 minutes and poured into 1.5 1. of 
ice water. The mixture is allowed to stand for 16 hours, and : 
•the precipitate is collected by filtration, washed with 2.1. 
of distilled water and air dried to obtain a yellow powder 
which is recrystallized from methanol to obtain the yellow 
crystalline product (8.6 g.), m.p. 134'-136'C. A second crop 
is obtained from the mother liquor by adding water and cooling 
(2.5 g.). 

Step 4 (Reaction CC) . 

( ± ) -N- [ 1 - ( 4 • -p 1 uoropheny 1 ) -2- (1 • -me thylethyl ) iminopropyl] - 
benzamide (Compound CXXII) 

100 rag. (0.53 ramole) of fi-toluenesulf onic acid mono- 
hydrate is added to a solution of 5.42 g. (20.0 ramoles) of 
Compound CXXI and 8.2 ml. (5.69 g. , 96.3 mmoles) of isopropyl- 
amine in 100 ml. of benzene and 25 ml. of methylene chloride, 
25 g. (208 mmoles) of anhydrous magnesium sulfate is added, 
the reaction mixture is stirred at 20'-25'C. under nitrogen 
for 48 hours, an additional 16.4 ml. (11.38 g. , 192.6 mmoles) 
of isopropylamine and 50 g. (415 mmoles) of anhydrous mag- 
nesium sulfate are added, the reaction mixture is stirred at: 
20'-25'C. under nitrogen for 4 hours, an additional 10 g. (42 
mmoles) of anhydrous magnesium sulfate is added,, and the 
reaction mixture is stirred at 20'-25'C. under nitrogen for 64 
hours and filtered. The solid is washed with methylene 
chloride, the washing is combined with the filtrate, and the 
combined filtrate and washing is evaporated at reduced 
pressure to obtain the crude product as a yellow oil (about 
7.5 g.). 

Step 5 (Reaction CD) 

4- (4 '-Pluorophenyl)-S-methyl-1-(1 •-methylet.hyl)-2-phenyl-1H- 
imidazole (Compound CXXI II) 
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A solution of about 7.5 g, (<. 20 inmoles) of crude : 
Compound CXXII from Step 4 in 50 ml. of chloroform is added 
over a 30 minute period to 8.12 g. (39 mmoles) of phosphorus ' 
pentachloride in 100 ml, of chloroform stirred at -30*C.; and' 
the reaction mixture is allowed to warm to 20'-25'C», stirred 
at 20*-25*C. for 16 hours and cooled to O'C, the reaction 
mixture being stirred under nitrogen throughout. 10 ml. of 
•water is added, the mixture is stirred for 5 minutes, and 200 
ml, of 2N, sodium hydroxide solution is added. The organic 
phase is separated, and the aqueous phase is extracted with 
chloroform. The chloroform extract and the organic phase are : 
combined, washed twice with saturated sodium chloride solu- 
tion, dried over anhydrous magnesium sulfate, filtered and . 
evaporated at reduced pressure to a tan solid. The tan solid 
is recrystallized from benzene to obtain the product as a 
white solid (2,33 g.). A second crop is obtained from the. 
mother liquor (200 mg,). An analytical sample is recrystal- 
lized from aqueous ethanol. M.p. 161'-162'C. 

Step 6 (Reaction CE) 

5-Acetoxymethy 1-4- ( 4 ' - f luorophenyl ) -1 - ( 1 ' -methy lethy 1 ) -2- 
'phenyl-1H-imidazole (Compound CXXIV) 

3.5 g. (7.9 mmoles) of lead tetraacetate is added to a 
solution of 2.30 g. (7.81 mmoles) of Compound CXXIXI in 300 
ml. of dry benzene, and the reaction mixture is refluxed under 
nitrogen for 3 hours, an additional 0.35 g. (0.79 mmole) of 
lead tetraacetate is added, the reaction mixture is refluxed 
under nitrogen for 30 minutes, an additional 0.70 g. (1.58 
mmoles) of lead tetraacetate is added, and the reaction 
mixture is refluxed under nitrogen for 1 hour, cooled, 
filtered and evaporated at reduced pressure to obtain the 
crude product as a tan gum (3.59 g.). 

Step 7 (Reaction CF) 

4- (4 '-Fluorophenyl)-1-(l •-methylethyl)-2-phenyl-lH-iraidaz61e- 

5- methanol (Compound CXXV) 

100 ml. of 2N- sodium hydroxide solution (200 mmoles) 
is added to a solution of 3.59 g. (£7.81 mmoles) of crude 
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Compound CXXXV (from Step 6) in 100 ml. of ethanol, the reac- 
tion mixture is stirred at 20*-25'C, under nitrogen for 16 
hours, the ethanol is evaporated at reduced pressure, 200 ml. 
of water is added, the mixture is stirred for 2 minutes, and, 
the insoluble solid is collected by filtration, washed with 
200 ml. of water (until the washings are pH 7) and dried to 
obtain the crude product as a yellow solid (1.88 g. ) . An 
analytical sample is recrystallized from aqueous ethanol. 
M.p. 190'-193*C. 

Step 8 (Reaction CG) 

4- ( 4 • -Fluorophenyl )-1 - ( 1 • -methylethyl )-2-phenyl-l H-imidazole- 
5*carboxaldehyde (Compound CXXVI] 

10 g. (115 mmoles) of activated manganese dioxide is 
added to a solution of 1.55 g. (5.0 mmoles) of Compound CXXV 
in 50 ml. of tetrahydrof uran, and the reaction mixture is 
stirred at 20'-25'C. under nitrogen for 16 hours and filtered. 
The solid is washed with 100 mi. of tetrahydrof uran, and the 
washing and filtrate are combined and evaporated at reduced 
pressure to obtain a yellow oil which is vacuum dried to 
obtain a yellow solid. The yellow solid is recrystallized 
from diethyl ether/hexane to obtain the yellow crystalline 
product (1.2 g. ), m.p. 1 30 "-1 34 **C . 

Step 9 (Reaction CK) 

Methyl ( E ) -3- [4 ' - ( 4 "-fluorophenyl ) - 1 • - ( 1 "-methyle thyl ) -2 ' - 
phenyl- 1 H- imidazol-5 '-yljpropenoate (Compound CXXVIII) 

2.004 g. (6,0 mmoles) of ( carbomethoxyraethylene)- 
triphenylphosphorane (Compound CXXVII) is added to a solution 
of 1.23 g. (4.0 mmoles) of Compound CXXVI in 25 ml. of dry 
toluene, the reaction mixture is refluxed under nitrogen for 5 
hours and stirred at 20*-25'c. under nitrogen for 16 hours, an 
additional 200 mg. (0.6 mmole) of Compound CXXVII is ad<3ed, 
and the reaction mixture is refluxed under nitrogen for 1 
hour, allowed to cool, evaporated at reduced pressure to about 
one half of its volume and flash chroma tog raphed on 150 g, of 
230-400 mesh A.S.T.M. silica gel utilizing 1:1 diethyl ether/ 
hexane as the eluant to obtain the product as a pale yellow 
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solid (1.22 g.). An analytical sample is recrys tall i zed from 
diethyl ether. M.p. 129*-13Tc. 

Step 10 {Reaction CD 

( E ) -3- 1 4 • - ( 4 " -F 1 uoropheny 1 ) - T - { 1 "-me thy le thy 1 ) -2 • -phenyl^ 
lH-imidazol-5*-*ylIprop-2-en-l-ol (Compound CXXIX) 

10 ml. of 1;5M. diisobutylaXuminum hydride/toluene (15 
*mmoles) is added dropwise over a period of 5 minutes to a 
solution of 1.092 g. (3.0 mrooles) of Compound CXXVIII in 
50 ml. of dry tetrahydrof uran stirred at O'C, under nitrogen, 
and the reaction mixture is stirred at O'C. under nitrogen for 
2 hours and quenched with 0.5 ml. of saturated ammonium 
chloride solution. 5 ml, of water is added to dissolve the 
precipitate, 100 ml. of saturated sodium chloride solution and 
50 ml. of 10% sodium hydroxide solution are added, the organic 
phase is separated, the aqueous phase is extracted three ;times 
with 50 ml. portions of diethyl ether, and the organic phase 
and the three diethyl, ether extracts are combined, washed with 
100 ml. of saturated sodium chloride solution, dried over 
anhydrous magnesium sulfate, filtered and evaporated at 
reduced pressure to obtain the product as a colorless oil 
which solidifies upon standing (910 mg.). 

m 

Step 11 (Reaction CM) 

( E ) -3- [4 • - ( 4 " -F 1 uorophenyl ) - r - ( 1 "-methy le thy 1 ) -2 ' -pheny 1- 
lH-imidazol-5'-yl]prop-2-enal (Compound CXXX) 

8 g. (92 mmoles) of activated manganese dioxide is 
added to a solution of 900 rag. (2.68 mmoles) of Compound CXXIX 
in 100 ml. of 1:1 diethyl ether/tetrahydrof uran, and the 
reaction mixture is stirred at 20'-25'C. under nitrogen, for 1 
hour and filtered through a pad of Celite. The solid is 
washed with 100 ml. of diethyl ether and washed with 100 ml. 
of tetrahydrofuran, the two washing are combined with the 
filtrate, and the combined washings and filtrate are evapo- 
rated at reduced pressure to obtain a yellow oil (740 mg.) 
which solidifies upon standing. The solid is recrystallized 
from diethyl ether to obtain the product as yellow needles 
(405 mg.). The residue from the mother liquor is recrystal- 
lized from aqueous ethanol to obtain a second crop (74 mg.) 
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and a third crop (55 mg.). Additional product may be obtained 
by chromatographing the residue from the mother liquor from 
the third crop on 10 g. of silica gel utilizing 2:1 diethyl 
fether/hexane as the eluant (44 mg,). 

step 12 (Reaction I) 

Ethyl (* ) - ( E ) -7- [4 ■ - ( 4 f luocophenyl ) - 1 • -( 1 "-methy le thyl ) -2 • - 

phenyl-1 H-lmidazol-5 • -ylj -5-hydroxy-3-oxohept-6-enoate 
(Compound CXXXI) 

21.12 mg. of 50% sodium hydride/mineral oil (0.44 
mmole) is washed with 3 ml. of hexane, the liquid is decanted^ 
5 ml. of dry tetrahydrofuran is added, the suspension is 
cooled to -IS'C, 51 pi.. (52 mg. , 0.40 mmole) of ethyl 
acetoacetate is added via syringe, the reaction mixture is 
stirred at -15*C. for 1.5 hours, allowed to warm to 0*c., 
stirred at O'C. for 1 hour and cooled to -IS'C, 0.31 ml. of 
1.6M. n-butyllithiuiq/hexane (0.50 mmole) is added with 
stirring at -15'C., the reaction mixture is stirred at -15*C. 
for 10 minutes, a solution of 66.8 mg. (0.20 nmole) of 
compound cxxx in 3 ml. of dry tetrahydrofuran is added drop- 
wise with stirring at -15'c., and the reaction mixture is 
stirred at -15*c.. for 15 minutes, the reaction mixture being 
maintained under nitrogen throughout. The reaction mixture is 
quenched at -15^C. with 5 drops of saturated ammonium chloride 
solution, the tetrahydrofuran is evaporated at reduced pres- 
sure, diethyl ether and saturated sodium chloride solution are 
added, and the organic layer is separated, washed twice with 
25 ml. portions of saturated sodium chloride solution, dried 
over anhydrous magnesium sulfate, filtered and evaporated . at 
reduced pressure to obtain a gum (92 mg.). The gum is 
chromatographed on 5 g. of 230-400 mesh A.S.T.M. silica gel 
utilizing 9:1 diethyl ether/hexane as the eluant to obtain the 
product as a pale yellow gum (39.1 mg.). 

The product is a racemate that may be resolved by 
conventional means to obtain the 5R and 5S enantiomers. 

Step 13 (Reaction J) 

E thy 1 ( ± ) -erythro- ( E ) - 3 , 5 -d i hydroxy-7- C 4 ' - ( 4 "- f luoropheny 1 ) - 

1 '-{1 "-methylethyl)-2'-phenyl-lH-imidazol-5 '-ylj hept-6-enoate 
(Compound CXXXIX) 
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A solution of 39 mg. (0.084 mmole) of Compound CXXXI 
in 1 ml. of anhydrous diethyl ether is added dropwise via 
syringe over a period of 5 minutes to 2.4 ml. of 0.15M. zinc, 
borohydride/diethyl ether (0.36 mmole) stirred at -65 'C. under 
nitrogen; and the reaction mixture is stirred at -65*C. under 
nitrogen for 2 hours and quenched at -65*C. with 0.5 ml. of 
methanol. The mixture is stirred for 3 minutes, 1 ml. of 
water is added, the mixture lis allowed to warm to 20*-25'C.r 

10 ml. of very dilute acetic acid is added, 10 ml. of diethyl 
ether is added, and the organic phase is separated!, washed 
twice with 20 ml. portions of saturated sodium chloride solu- 
tion, dried over anhydrous magnesium sulfate, filtered and 
evaporated at reduced pressure to a yellow oil. The yellow 

011 is chromatographed on 10 g. of 230-400 mesh A.S.T.M. 
silica gel utilizing 30% ethyl acetate/chloroform as the 
eluant. The fractions containing the product (as Indicated by 
thin layer chromatography) are combined and evaporated at 
reduced pressure, and the obtained pale yellow oil is vacuum 
dried to obtain the product as a solid foam (31 mg.). 

N.M.R. (CDCI3): 1.28 (t, 3H), 1.48 (d, 6H) , 1.56 (ro, 2H), 

2.46 (d, 2H), 4,18 (q, 2H) , 4.21 (bm, IH), 

4.47 (bm, IH), 4.59 (m, IH), 5.78 (dd, IH), 
6.7 (d, IH), 6.98 (t, 2H>, 7.4-7.7 (m, 7H) 

The product Is a mixture of the ervthro and threo 
racemates wherein the ratio of the former to the latter Is 
about 17!3, which mixture may be separated by conventional 
means. The principal product, the ervthro racemate, may be 
resolved into two optically pure enantloraers, the 3R,5S and 
3S,5R enantlomers, of which the former Is preferred. The 
minor product, the threo racemate, may be resolved to obtain 
the 3R,5R and 3S,5S enantlomers. The use of a non- 
stereoselectlve reduction would afford a mixture of all four 
stereoisomers wherein the ratio of the erythro stereoisomers 
to the, threo stereoisomers ranges from 3:2 to 2:3. 
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Example 4 

Sodium ( ± ) - erythro * ( B ) -3 , 5-d Ihvdr oxv^7- 1 4 '-{4''-f luorophenyl)- 
1 *'-niethylethyl)-2*«-phenyl-lH-lmidazol-5'-yl]hept-6-enoate 
(Reaction AA) 




0«04 ml. of 0,5N« sodium hydroxide solution (0.02 
mmole) is added to a solution of 10 mg, (0.0214 mmole). of 
Compound CXXXII in 1 ml. of ethanol and 10 drops of water, the 
reaction mixture is stirred at 20*-25*C* under nitrogen for 1 
hour/ the ethanol is evaporated at reduced pressure, 0.5 ml. 
of water is added, and the mixture is extracted three times 
with 5 ml. portions of diethyl ether. The aqueous phase* is 
lyophilized to obtain the product as a pale yellow solid (9.8 
mg . ) • 

H.M.R. (CDCI3 + CO3OD): 1.45 (d/6H}, 1.55 (m, 2B}, 2.35 (m, 

2H), 4.14 (bm, IH), 4.40 (bm, IH), 
4.57 (m, 1R), 5.75 (dd, 1H), 6.67 (d, 
IE), 6.98 (t, 2H), 7.4-7.7 (m, 7H) 
The product is a mixture of the erythro and threo 
racemates wherein the ratio of the former to the latter is- 
about 17:3, which mixture may be separated by conventional 
means. The principal product, the ervthro racemate, may be* 
resolved into two optically pure enantiomers, the 3R,5S and 
3S,5R enantiomers, of which the former is preferred. The 
minor product, the threo racemate, may be resolved to obtain 
the 3R,5R and 3S,5S enantiomers. The use of a starting 
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material synthesized by using a non- stereoselective reduction 
in Step 13 of Example 3 would afford a mixture of all four 
stereoisomers wherein the ratio of the erythro stereoisomers 
to the threo sterieoisomers ranges from 3:2 to 2:3. 

Example 5 

Ethyl {±)-{E)-3,5-dihydroxy-7-[T-{4"-fluorophenyl)-4 

{ 1 ••-me thylethyl ) -2 ' -phenyl- 1 H- imidazol-5 • -yl] hep t-6-enoa te • 

hydrochloride 

(Reaction AL) 





Hydrogen chloride is bubbled for 10 minutes through a 
solution of 18,5 mg. of Compound CXXXiv wherein the ratio of 
the erythro raceraate to the threo raceraate is about 7:3 in 
diethyl ether stirred at 20*-25'C,, the diethyl ether is 
evaporated at reduced pressure, the resulting gum is dissolved 
in methylene chloride and the methylene chloride is evaporated 
at reduced pressure to obtain the product as a yellow foam. 
M.p. 85*-95'C. 
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The product ia a mixture of the erythro and threo 
racemates wherein the ratio of the former to the latter is 
about 7:3. 

Example 6 

Ethyl ( ± ) - { E )-7- [ T • - ( 4 "-f luorophenyl ) -4 ' - { 1 "-methyle thyl ) -2 • - 
phenyl- lH-imidazol-5 '-ylJ-a-hydroxy-S-oxohept-e-enoate 
(Reaction BA) 




A solution of 200 mg. (0.43 mmole) of Compound CXIV in 
10 ml. of tetrahydrofuran is stirred with 200 mg. (2.3 mmoles) 
of activated manganese dioxide for 40 minutes at 20*-25'C., 
the reaction mixture is filtered, and the filtrate is 
evaporated at reduced pressure. The residue is dissolved in a 
mixture of diethyl ether and methylene chloride, and hexane is 
added to crystallize the product. M.p. 120*-121*C. 
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EX. 8 (CDCI3 + CD3OD): 



EX. 9 (CDCI3): 



Ex. 11 (CDCl3)s 



Ex. 12 {CDCI3}: 



Ex. 15 (CD3OD): 



N.M.R. DATA 



1.35 (d (J = 7 Hz.), 6H), 1.35-1.70 I 
(m, 2H), 2.26 (s, 6H}, 2.10-2.40 (m, ; 
2H), 3.15 (sp (J » 7 Hz.), 1H), 3.50; 
(water), 4.08 (m, IH), 4.28 (m, IH), 
5.50 (dd (J| » 16 Hz.r J2 » 6 Hz.), . 
1H), 6.18 (d (J » 16 Hz.), IH), 6.77 
(s, 2H), 7.00 (s, 1H), 7.15-7.35 (m, : 
5H) . 

1.25 (t (J = 1.5 Hz.), 3H), 1.36 (d, 
6H), 1.6 (m, 2H), 2.45 (d, 2H) , 3.15 
(m, IH), 3.17 (m, IH), 3.7 (m, IH), 
4.15 (q {J « 1.5 Hz.), 2H ) , 4.20 [m, 
IH), 4.33 (m, IH), 5.47 (dd (J^ - 1.5 
Hz., J2 » 2 Hz.), IH), 6.20 (d (J » 3 
Hz.), IH), 7.10-7.45 (m, lOH) 

1.11 (d (J » 6 Hz.), 6H), 1.61 (ra, 
2H), 2.40 (bm, 6H), 2.88 (m, IH), 
3.46 (m, IH), 3.95 (in, IH) , 7.1 (m, 
9H) 

• 

1.28 (t (J « 7 Hz.), 3H), 1.38 (d (J 
» 7 Hz.), 6H), 1.64 (bs, 6H), 2.42 (d 
(J » 7 Hz.), 2H), 2.58 (m, IH), 3.7 
(bs, 2H), 4.15 (q (J = 7 Hz:), 2H), 
7.0-7.3 (m, 9H) 

1.32 (d (J « 7 Hz.), 6H), 1.4-1.8 (m, 
2H), 2.2-2.4 (Ri, 2H), 3.22 (m, IH), 
3.93 (m, IH), 4.25 (m, IH), 5.58 (dd 
(Jl « 6 Hz., J2 = 16 Hz.), IH), 6.22 
(d (J » 16 Hz.), IH), 7.T-7.5 (m, 9H) 
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EX. 16 (CD3OD); 



EX. 18 (CDCI3}: 



Ex. 19 (CD3OD): 



EX. 21 (CD3OO} : 



EX. 24 (CD3OD): 



1.35 (d (J » 7 Hz,)r 6H), 1.4-1.8 (m, 
2H), 2.2-2.4 (m, 2H}, 3.2 (m, 1H), 
3.9 (m, 1H) 4.25 (m, 1H), 5.60 (dd 
(Jl - 6 Hz., J2 » 16 Hz.), 1H), ^.21 
(d (J » 16 Hz.), 1H), 7.1-7.7 (m, 9H) 

1.19 (s, 9H), 1.25 (t (J s 7 Hz.), 
3H)i 1.30 (d (J » 7 Hz.), 6H), 
1.4-1.9 (m, 2H)r 2.43 (d (J - 6 Hz.), 
2H), 2.8-3.2 (in, 2H} , 3.6 (m, 1H), 
4.1-4.3 (m, 2H), 4.11 (q (J « 7 Hz.), 
2H), 5.20 (dd (J^ = 7 Hz., J2 - 16 
Hz.j, 1H), 5.88 (dd (J^ » 1 Hz., J2 • 
16 Hz.), IH), 7.0-7,3 (m, 4H) , 

1.20 (s, 9H), 1.28 (d (J » 7 Hz.), 
6H), 1.3-1.7 (m, 2H), 2.2-2.3 (in, 
2H), 3.11 (m, IH), 3.8 (m, IH), 4.12 
(m, IH), 5.26 (dd (J^ » 6 Hz., J2 = 
16 Hz..)t IH), 5.96 (d (J = 16 HZ;), 
IH), 7.2-7.4 (m, 4H) 

1.1-2.1 (m, 12H), 1.22 (d (J » 7 
Hz.), 6H), 2.3-2.5 (m, 2H) , 3.12 (m,: 
IH), 3.9-4.2 (ra, 2H) , 4.50 (m, 1H), 
5.82 (dd (J^ » 6 Hz., J2 16 Hz;), 
IH) , 6.65 (d (J » 16 Hz.) , IH) , 
7,4-7.5 (m, 5H) 

1.35 (d (J » 7 Hz.), 6H), 1.5-1.8 (in, 
2H), 2,2-2.4 (m, 2H) , 3.2 (ra, IH), 
3.9-4.1 (ro, IH), 4.3 (ra, IH), 5.5-5.7 
(m, IH), 6.2-6.4 (ra, IH), 7.3 (ra, 
7H), 7.6 (ra, IH) 
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Ex. 26 (CD3OD}: 



Ex. 27 (CDCI3): 



1.38 (d {J = 7 Hz.), 6H), 1.5-1.8 (ra, 
2H), 2.3 (m, 2H}, 3.33 (m, 1H), 3.95 
(m, 1H), 4.27 (m, 1H), 5.56 (dd (J| » 
6 Hz.r J2 » 16 Hz.)r IH), 6.23 (d (J 
» 16 Hz.), IB), 7,2-7.6 (in, 13H) 

1.23 (t (J » 7 Hz.), 3H), 1.28 (d (J 
» 7 Hz.), 6H), 1.4-1.7 (m, 8H), 1.9 
(m, BE), 2,4 (m, 28), 2i94 (m, IH), 
3.04.{m, IH), 3.60 {m, IH), 4.17 (q 
(J » 7 Hz.), 2H), 4.1-4.4 (m, 3H), 
5.23 {dd (Ji » 6 Hz., J2 « 16 Hz.), [ 
IH), 5.92 (d (J = 16 Hz.), IH), 
7.1-7.3 (m, 4H) 



Ex. 29 (CDCI3): 



1.1-1.3 (m, 15H), 1,4-1,7 (m, 2H), 
2.4 (m, 2H), 2.70 (m, IH), 3.08 (m, 
IH), 3.7 (ra, 2H), 4,17 (q (J » 7 
Hz.), 2H), 4,2-4.4 (m, 2H), 5.20 (dd 
(Jl » 7 Hz., J2 « 16 Hz,), IH), 6.14 
(dd (Ji = 1Hz., J2 = 16 Hz,), IH), 
7.1-7.3 (ra, 4H) 



Ex. 32 (CD3OD): 



Ex. 33 (COCI3 + 

CD3SOCD3) ; 



1.2-1.7 (m, 2H), 2.2 (m, 2H), 3.8 (m, 
IH), 4,2 (ra, IH), 5.41 (dd (J^ » 7 
Hz,, J2 » 16 Hz,), IH), 6,43. (dd .{J»i 
« 1 Hz., J2 = 16 Hz.), IH), 7.1-7.4 
(m, IIH), 7.6-7.8 (ra, 2H) 

1.4 (d (j » 7 Hz.), 6H), 1.6-2.0 (ra, 
2H), 2,62 (d (J = 4 Hz.), 2H), 3.15 
(m, IH), 4.21 (ra, IH), 4.9 (bm, IH), 
5.2 (ra, IH), 5.5 (dd (J^ » 16 Hz., J2 
= 7 Hz.),. IH), 6.28 (d, IH), 7.1-7.4 
(m, 9H) 



Ex. 35 (CD3OD): 



1.4 (d (J - 7,5 Sz.), 6H), 2.28 (m, 
4H), 3.2 (m, IH), 4.28 (m, IH), 5.95 
(d (J « 15 Hz.), IH), 7.25 (m, 10H) 
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Each of the compounds identified by an E in the 
Isomers column is at least 95% pure (at least 90% in thei case, 
of Example 12) erythro racemater the balance being the 

■ 

corresponding threo raceroate and/ or other impurities. Any 
tt^geo racemate present may be separated therefrom. Each 
ervthro racemate except those of Examples 11 and 12 may be : 
resolved to obtain the 3R,5S and 33, 5R enantiomers, of which 
•in each case the former is preferred. The erythro racemates 
of Examples 11 and 12 may be resolved to obtain the 3R,5R and 
3S,5S enantiomers of which the former is preferred. The 
mixtures of Examples 9, 23, 24, 27, 29 and 30 may be separated 
to obtain the erythro and threo racemates, each of which may 
be resolved to obtain the 3R,5S and 3S,5R enantiomers from the 
former and the 3R,5R and 3S,5S enantiomers from the latter, 
the former being preferred in each case. 

The compound of Example 33 may be resolved to obtain 
the 4R,6S and 4S,6R enantiomers, that of Example 34 may be re- 
solved to obtain the 4R,6R and 4S,6S enantiomers, and that of 
Example 35 may be resolved to obtain the 3R and 3S enantio- 
mers, the former being preferred in each case. 

Each of the compounds of the examples wherein z is a 
group of Formula a or c wherein R]4 is a cation may be 
converted into the corresponding compounds wherein R^^ is 
hydrogen or a different cation M, particularly the latter, 
especially M' , by the processes set forth in Reaction Schemes 
IV and V. Each of the compounds of the examples except those 
wherein Z is a group of Pormula a or c wherein Ri4 is a cation 
and the one already in pharmaceutically acceptable acid 
addition salt form may be converted into pharmaceutically 
acceptable acid addition salt form as also set forth in 
Reaction Schemes IV and V. 

Each of Examples 1-35 (including each of the possible 
optical isomers of each example) may be administered to an 
animal, e.g. , a larger primate, to inhibit cholesterol 
biosynthesis and thereby lower the blood cholesterol level 
for, for example, the treatment of atherosclerosis and 
hyperlipoproteinemia. The dosages are those set forth supra . 
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Throughout the specification, the term "reduced 
pressure" denotes aspirator pressure, where no solvent is 
specified in connection with a solution, the solvent is water, 
and all solvent mixtures are by volume, when a reaction is 
carried out under nitrogen or argon, dry nitrogen or argon, as 
the case may be, is used to maintain anhydrous conditions 
(except where the reaction medium contains water). 

All nuclear magnetic resonance spectra were taken at' 
ambient temperature on a 200 HHs. spectrometer. All chemical 
shifts are given in p.p.m. (fi) relative to tetramethylsilane; 
and where a single « value Is given for anything other than a 
sharp singlet, it is its center point, in the N.M.R. data, 

bm - broad multiplet 
bs ■ broad singlet 
d o doublet 
dd a doublet of a doublet 
m a multiplet 
q a quartet 
8 " singlet 
sp « septet 
t » triplet 
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WHAT IS CLAIMED IS: 

1. A compound of the formula 




or a pharmaceutlcally acceptable acid addition salt thereof.; 
wherein Ri is Ci^ealJcyl not containing an asynunetric carbon 

atom, C3_7cycloalkyl, adamantyl-1 or 



R2 



wherein R4, R5 and are as defined below, 

is Ct-ealkyl not containing an asynunetric carbon 

atom, C3«7cycloalkyl, adamantyl-l or 



8 



R3 



wherein R7, Ra and R9 are as defined below, 
is hydrogen, Ci^ealkyl not containing an 
asymmetric carbon atom, Ca-ycycloalkyl, 
adaraantyl-ly styryl or 



12 
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wherein R^o* and R^2 as defined below, 
X is -(CHj)^-^ -CH'CH-, -CH=CH-CH2- or -CH2-CH«CH-, 
wherein m is 0, 1 , 2 or 3, and 



?13 



Z is -CH-CH2-C'-CH2-COORi4 



OH 



OH 




or 



Rl3 



-Q-CH2-C-CH2-COOR1 4 



OH 



wherein Q is -j^- 



or 



wherein each R-15 is primary or secondary 

C^.galkyl not containing 
an asymmetric carbon atom, 
the two Rjs's being the 
same , or 
the two Ris's taken together 
are '•{CH2)q-, 
wherein q is 2 or 3, 
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^13 ^3 hydrogen or C).3alkyl, and 
Rl4 is hydrogen, R^g or M, 

wherein R]5 is a physiologically 

acceptable ester 
group r and 
H is a cation, 
with the proviso that Z may be a group oC Formula 
c only when {i) X is -CHaCH- or -CH2-CH-CH-, ( ii) 
Rl3 is Ci.3alkyl or (iii) both (i) and (ii), 
wherein each of R4, R7 and r^q is independently hydrogeh, 

Ci-.3alkyl, n-butyl, j.-butyl, t-butyl, Ci-3alkoxy, 
n-butoxy, ^-butoxy, trifluoromethyl, £luoro, 
chloro, bromor phenyl, phenoxy or benzyloxy, 
each of R5, R8 and Ri 1 is independently hydrogen, 

Ci.3alkyl, Ci.3alkoxy, trif luoromethyl, fluoro, 
chloro, brorao, -COOR17, -N(R^9)2# phenoxy or 
benzyloxy, 

wherein R^7 is hydrogen, R^s 

wherein R]8 is .Ci-.3alkyl, n-butyl, 

^-butyl, t-butyl or 
benzyl, and . 
M is as defined above, and 
each R)9 is independently C^^galkyl not 

containing an asymmetric carbon atom,, 
and . . 

each of R5, R9 and R^2 independently hydrogen, 
C]-,2*^^y^' C^-2alkoxy, fluoro or chloro, 
with the provisos that not more than one substi- 
tuent on each of Rings A, B and C independently is 
trif luoromethyl, not more than one substituent on 
each of Rings A, B and C independently is phenoxy, 
and not more than one substituent on each of Rings 
A, B and C independently is benzyloxy, 

13 

with the provisos that (1) when Z is H:-CH2-<f-CH2-COORi 4 , 
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the compound is in £ree base form and either (i) R]4 is R^g 
and each Ri 7 is independently R^s ^^^^ ^14 is M and- each: 
Rl7 is independently Rig or M and (2) when (i) R14 or at least 
one Ri7 is H or (ii) R^4 and at least one R17 are M# the 
compound is in free base form. 

2. A compound according to Claim 1, 

or a pharmaceutically acceptable acid addition salt thereof, 
wherein each M is independently a pharmaceutically acceptable 

cation. 

3. A compound according to Claim 2, 

or a pharmaceutically acceptable acid addition salt thereof r 
selected from the following groups 

a) those wherein Rj^ is Cj^^galkyl not containing an asymmetric 

carbon atom, C^^yCycloalkyl or adamantyl-lr 
and ^2 

R. 



^2 



•9 



?13 



b) those of a) wherein Z is -CH-CHj-C-CHj-COORj^^ . 

OH OH 

c) those of b) wherein is C^^^galkyl not containing an 

asymmetric carbon atom, 
Rj is C^^galkyl not containing ah 

asymmetric carbon atom, cyclohexyl or 

^10 



AT" 



R 



12 
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R7 is hydrogen, Ci-3alkyl# fluoro, chloro or brorao, 
R8 is hydrogen, Ci-2^1J^yl' fluoro or chloro, 
R9 is hydrogen or methyl, 
R^3 is hydrogen or methyl, 

Rl4 is hydrogen, Ci^salkyl, n-butyl, j.-butyl, t-butyl, 
benzyl or Mr and 
X is -CH2CH2- or -CH»CH-. 



R3 is C 



d) those of c) wherein is C^_3alkyl, n-butyl or i-butyl, 

^12 

R^2 is hydrogen, 

R^^ is hydrogen, C^.jalkyl or M, and 
X is (E)-CH=CH-- 

e) those of d) wherein Rj^^ is hydrogen, C^_3alkyl, 0^.2^^^^^' 

trifluordmethyl, fluoro, chloro, 

bromo or phenyl, 
R^^ is hydrogen, C^^2,'^\ky], fluoro. chloro. 

bromo, -COOR' or -N(R'j^g)2/ 
wherein R' is hydrogen, C^^^^alkyl 

or M, and each R'j^^ is 
independently C^_2^i^yi' 
is hydrogen or methyl, and 
is hydrogen, Q^^2^^^y^ ^* 
is C^^^alkyl, 

is hydrogen, methyl or fluoro, 
is hydrogen or methyl, 
is hydrogen, methyl or fluoro, and 
is hydrogen or methyl. 



12 
^14 



f ) those of e) wherein R^ 



10 



ll 



g) those of f) wherein Rg 



12 



h) those of g) wherein R^^ 



is hydrogen, and 
is hydrogen. 

is a pharmaceutically acceptable 
cation. 
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i) those of h) wherein the hydroxy groups in the 3- and 5- 



e .A 



positions of the group of the formula -CH-CHj-CH-CHj-COO M 
have the erythro configuration. OH OH 



j} those of a) wherein Z is 




k) those of a) wherein Z is 



?13 

-Q-CH2-C-CH2-COOR1 4 



1) those wherein R^^ is 



, and 



R2 is Ci.galkyl not containing an asymmetric carbon 
atom^ C3-.7cycloalkyl or adamantyl-1. 

m) those of 1) wherein Z is 



i- R13 
-CH2-C00R1 4 
H 
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n) those wherein is 



-A- 



R2 is 



r and 



6 

R. 



8 



o) those wherein 



is Cj^^galkyl not containing an asyininetric 

carbon atom, C^.^cycloalkyl or adamantyl-l, 
and 

is Cj^^galkyl not containing an asymmetric 

carbon atom, C^.yCycloalkyl or adamantyl-1, 

4. A compound selected from 

^ai-CH2-CH-C3l2-C00©M® 
'\ OH OH 




wherein a phamaceutically acceptable cation 
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b) 





c) 




i 

OH 



wherein a pharmaceutically acceptable cation 
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5. A pharmaceutical composition comprising an 
effective amount of a compound according to Claim 2, ' pr a 
pharmaceutically acceptable acid addition salt thereof, and 
a pharmaceutically acceptable carrier, said effective amount 
being an amount effective for inhibiting cholesterol bio- 
synthesis in a mammal. 

6. A compound according to Claim 2, or a pharmaceu- 
tically acceptable acid addition salt thereof for use in. 
treating atherosclerosis. 

7. A process for preparing a compound according to 
Claim 1 which comprises 

a) when X is (CHj)^^^ or (E)-CH«CH- and any R^^^ is R^^g, and Z is 
a group of Formula (a) wherein R^^^ is hydrogen and R^^^ is 
R'j^g (sCj^^^alkyl, n-butyl, i-butyl, t-butyl or benzyl)^ 

reducing a compound of Formula XVII 

ImA-X--CH-CH^-C-CH^-CCX)R',^ XVII 
OH O 

■ 

wherein ImA, Xg .and ^*j^g have the above given meanings, 

b) when X is (CH^)„ or (E)-CH=CH- and Z is a group of formula a) wherein 

f^T^A^ M« and each R,^ is independently R,o or 

hyarolysing a cArfipoundSf formula . 

?13a 

ImA-Xg-CH-CHj-C- CHgCOORgg 
6 OH 
C=»0 

^22 

wherein ^^3^^ ^2 ' «^nd defined above, . 

c) when R^^ is R^g, R^^ is lydrogen and either X is -CH=CH- or -CHg-CH^CH- 

and Z is a group ot Formula (b) having the 4R,6S configura- 
tion or X is -CH2CH2- or -CHjCHjCHj- and Z is a group of 
Formula (b) having the 4R,6R configuration, disilylating 
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a compound of formula Va . 

H,^-OSi(CgH5)2-tC4H3 

Va 

wherein Xg is (i) CH=CH, CH2CH=CH or. (ii) CHjCHj or 

d) when R,^ is R^q, X is CHjCHj, CH2CH2CH2/ CH=CH, CH=CH-CH2 
or CH2-CH=CH- and Z is a group of Formula (a) wherein R^^^ 
Is K'lg' disilylating a compound of Formula XI 

^13 

IraA-Xg-CH-CHj — CCH2-C00R' g 

O 0 
CgHg-Si-CgHg CgHg-Si-CgHg 

wherein X- is (i) CH2CH2 or CH2CH2CH2 or (ii) CH=CH, 
CH=CH-CH2 or CH2-CH«CH and ImA, R^^^ ^'i6 defined 

above , 

e) when Z is a group of formula (c) wherein Q is -C-, R^^ is R^g, any 
R^y is R^g, and X is X^, axidtsing 0 

the corresponding compound of Formula I wherein Q is -CH- 

(i-e, Z is a group of formula (a) ) ^ 

f ) when Z is a group of Formula (c) in ester form, wherein Q is 

W ' 

0 0 

ft 

^15 ^15 



any R<|^ 1s R^g and X Is ketalislng the corresponding compound of 



formula I wherein Q is -C-, 

h 

0 
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« 

g) hydrolysing a compound of Formula I in theform of an ester 
or a lactone or 

h) esterifying or lactonising a compound of formula I in free 
acid form, and when a free carboxyl group is present, 
recovering the compound obtained in free acid form or in 
the form of a salt. 

8. A compound of the formula 

® A 

ImA-X^-PCCgHj) 2 y^. 



C6H5 



^0-Si-t-C4H9 



ImA-X ^ S 



■-a 



C6H5 



ImA-Xc-CH- 



■CH2' 



Rl3 




96H5 



0-Si-t-C4H9 



C6H5 



C-CH2-C00R1 6 



CeHs-Si-CeHg 



CgHs-Si-CgHs 



t-C4H9 
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Rl3 



ImA-X3-CH 



■CH2' 



C-CH2-COOr']5 



CgHs-Si-CsHs 



_t— C4Hg 



CgHs-Si-CgHs 



ImA-X5-CH0 , 



ImA-X5-CH-CH2-C-CH2-COORi 5 , 



OH 



lraA-X6-CH-CH2-p-Ri 3a 



C»0 



R22 



ImA-X5-CH-CH2-C-Ri3a » 



OH 



IinA-X6-CH-CH2-C-CH2-COpR22 / 



OH 



C=0 



R22 



ImAv .H 

H'''^ ^COOR22 



or 



IinAv M. 
W ^CH20H 
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• 

wherein imA is 




wherein R^^ La C^.^alkyl not containing an 

asymmetric carbon atom, 
C3<-7cycloalkylr adamantyl-1 or 

wherein R4, R53 and Rg are as defined 

below, 

R2a ^3 C^^galJcyl not containing an 
asymmetric carbon atom, 
C3-7cycloalkyl, adamantyl-1 or 




wherein Ry, Rg^ and R9 are as defined 

below, and 

R3a.ls hydrogen, C^-galkyl not containing 
an asymmetric carbon atom, 
C3-7cycloalkyl, adamantyl^l, styryl or 




wherein R^Q' ^11 a Rl2 

defined below. 
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Rl3 is hydrogen or C^_3alkyl, 
Rl3a is Ci«3alkyl, 
RI6 C^-saXkyl^ n-butyl, ^-butyl, t-butyl or benzyl r 
each R22 is independently Ci^salkyl, 

is -CH2- or -CH2CH2-f 
X2 is -CH-CH- or -CH2-CH-CH-, 
X3 is -CH2CH2- or -CH2CH2CH2-f 
X5 is -CH-CH-, •CH-CH-CH2- or -CH2*-CH»CH- r 
Xg is -(CH2)m- or (B)-CH«CH-, 
wherein m is Or 1, 2 or 3, and 
is chloride or bromide* 

wherein each of R4, R7 and r^q is independently 

hydrogen, c^-jalkyl, jf-butyl, ^-butyl, 
^-butyl, Ci«3alkoxy, n-butoxy, 
^••butoxy, trifluoromethyl/ fluoro, 
chloror bromo, phenyl, phenoxy or 
benzyloxy, 

each o£ Rsar Rsa ^11a is independently 
hydrogen, Ci-3alkyl, C^.3alkoxy, 
trifluoromethyl, fluoro, chloro, 
brorao, -C0OR]3, -N(R^9)2, phenoxy or 
benzyloxy, 

wherein R19 is C^-3alkyl, n-butyl, 

i-butyl, Jt-butyl or 
benzyl , and 
each R]9 is independently 
C alky 1 not containing 
an asymmetric carbon atom, 
and 

each of R5, R9 and R^ 2 is independently 

hydrogen, Ci,.2^i^yi' Ci«2*^^^^y' 
fluoro or chloro, 
with the provisos that not more than one 

substituent on each of Rings A', B' 
and C' independently is trifluoro- 
methyl, not more than one substituent 
on each of Rings A', B' and C' 
independently is phenoxy, and not more 
than one substituent on each of Rings 

A', B* and C' independently is 
benzyloxy. 
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ABSTRACT 



Compounds o£ the formula 



> 



R 




and the pharmaceutically acceptable acid addition salts 



thereof, 
wherein 



R2 



R3 



is Ci^galkyl not containing an asymmetric carbon 
atom, C3«7cycloalkylr adamantyl-*! or 



wherein R4, R5 and Rg are as defined below, 

is Ci.galkyl not containing an asymmetric carbon 

atom, C3-7cycloalkyl, adamantyl-1 or 




wherein R7, Rq and Rg are as defined below, 

is hydrogen, Ci^gsilkyl not containing an asymmetric 

carbon atom, C3-7cycloalkyl, adamantyl-1, styryl or 




in- 
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11 



•"12 

wherein R^q, ^ and R12 3.ve as defined below, 

is -{CH2)m-» -CH=CH-, -CH=CH-CH2- or -CH2-CHi=CH 
wherein m is 0, 1, 2 or 3, and 



Rl3 



Z is -CH-CH2-C-CH2-COOR14 , 



OH 



OH 




or 



Rl3 



-Q-CH2-C-CH2-COOR1 4 



OH 



wherein Q is -C- or -C- 




Rl5 Rl5 
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wherein each R15 is primary or siecondary 

C^-.gal)cyl not containing an 
asymmetric carbon atom, the 
two R^s's being the same, or 
^ , the two Ris*s taken together are 

-(CH2)q-, 

» wherein g is 2 or 3 , 

Rl3 is hydrogen or C^^3alkylr and 
^14 is hydrogen, R^g or M, 

wherein R^g is a physiologically; 

acceptable ester group, and 
H is a pharmaceutically 
acceptable cation, 

* ■ 

with the proviso that Z may be -Q-CH2-C-CH2-COOR1 4 

OH 

only when (i) X is -CH=CH- or -CH2-CH=CH^; 
(ii) R13 is Ci-salkyl or (iii) both ( i) and (ii), 
wherein each of R4, R7 and r^q is independently hydrogen, 

Ci«3alkyl, n-butylr ^-butyl, t-butyl, Ci-3alkoxy, 
n-butoxy, ^-butoxy, trifluoromethyl, flubro, 
chloro, bromo, phenyl, phenoxy or benzyloxy, 
each o£ R5, and R^ 1 is independently hydrogen, 

Ci«3alkyl, C^-salkoxy, trifluoromethyl, fluoro, 
chloro, bromo, -COOR^y, -N(R^9)2f phenoxy or 
benzyloxy, 

wherein R17 is hydrogen. Rig or M, 

wherein R^g is Ci«3alkyl, n-butyl, 

_i-butyl, _t-butyl or 
benzyl, and 
M is a pharmaceutically 
acceptable cation, and 

t each Ri9 is independently Ci^galkyl not 

containing an asymmetric carbon 
atom, 

-113- 
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each of Rg, Rg and R^2 is independently hydrogen, 
C]«23ll^yl/ Ci,2^1J^oxyf . fluoco or chlbro, 
with the provisos that not more than one ^. 
substituent on each of Rings A, B and c. 
independently is trif luororaethyl , not more than 

* * . ' 

one substituent on each of Rings A/B and C, 
independently is phenoxy, and not more than one 
substituent on each of Rings A, B and c 
independently is benzyloxy, 

with the provisos that (1) when Z is •C-CH2-C-CH2--c60R|4 , 

0 0 OH 

1 I 

the compound is in free base form and either (i) R14 is R^g 
and each R17 is independently R^s or (ii) r^4 is M and each- 
Rl7 is independently R^s or M and (2) when (i) R14 or at least 
one Ri7 is M or (ii) R17 and at least one R17 are M, the 
compound is in free base form, 

the use thereof for inhibiting cholesterol biosynthesis and 
lowering the blood cholesterol level and, therefore, in the 
treatment of hyperlipoproteinemia and atherosclerosis, 
pharmaceutical compositions comprising such compounds and 
processes for and intermediates in the synthesis of such 
compounds. 
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or 

wherein Ra is hydrogen and Rb is hydroxy, or 
CRaRb'is -C- or -C- 

II / \ 

0 0 0, 

II 

Rl5 Rl5 

wherein each R15 is primary or secondary 

alkyl not containing an asymmetric 
carbon atom, .the two Ris's being 
the same, or 
the two Ri 5 ' s taken together are 

wherein q is 2 or 3 , 
Rl3 is hydrogen or alkyl, and 
Rl4 is hydrogen, a physiologically- 
acceptable ester group, or 
a pharmaceutically acceptable cation, 
with certain provisos 
and the use thereof for inhibiting cholesterol 
biosynthesis and lowering the blood cholesterol 
level and, therefore, in the treatment of 
hyperlipoproteinemia and atherosclerosis, 
pharmaceutical compositions comprising such 
compounds and processes for and intermediates in 
the synthesis of such compounds. 
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1-7 
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